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CHftPTER - 1 
I N T R O D U C T I O N 
iiO BRIEF SURVEY OF COSMJC RflYS^  
Cosmic rays are highly perTetrating radiations and their 
origin is not known even now. In cosmic rays particles have been 
12 £0 
found to posses fantastically large amount of energy (~10 eV-lOeV) 
which at^e capable of exploring the tiny kingdom of the atomic 
nucleus with greater effectiveness. The early researches in cosmic 
rays have led to the discovery of two new elementary particles the 
positron and meson which have added considerably to our 
knowledge of nuclear structure. The credit of the discovery of 
cosmic rays goes to the certain experiments undertaken at the very 
beginning of the present centuary,independently by Elster & Geital 
(1900) and Wilson (1900). They observed that a charged 
electroscope, if left standing for a little time, would 
discharge, how well it might be insulated. It was thought that 
the discharge of electroscope could be due to the ionization of 
the air produced by radio-active materials in the earth and the 
rate of dicharge must decrease, if the instrument was moved away 
from the earth's surface. To test this point, Goeckel, rose up 
nearly 7.5. km in a balloon with an electroscope, but he found 
that the rate of discharge instead of decresing, increased with 
the height Victor—F-Hess also wgnt up to heights as great as 9 km 
and observed that the intensity of the unknown radiation was 
incresing higher they rose up. Hess suggested that some highly 
.penetrating rays must be coming from outside of the earth's 
surface. In 19£3-£4 Kolhorster, observed that the intensity of 
the incoming radiation was same during day and night. From these 
observations, he concluded that the origin of the radiation 
could neither be the sun, nor even stars but should be somewhere 
away from our galaxy. 
Practically at the same time R.ft.Millikan and Bowen (1936) sent 
self recording electrocopes in balloons to higher altitudes on the 
basis of their observations, they got convinced that these rays 
were coming from the interstellar space and Millikan gave the name 
"Cosmic rays" (the rays comming from cosmos). He already saw that 
these rays bring to the earth an energy at least a few percent of 
that arriving from the stars. Bothe and kolhorster (19£a) proved 
the presence of charged particles in cosmic rays. The latitude 
effect observed by Compton (1933) and his group supported the 
presence of charged particles in the primary cosmic radiation. 
The large amount of intensity from west compared to east led Rossi 
(1930) and Johnson (1938) to predict the dominating presence of 
positively charge particles. The protonic nature of cosmic 
radiation was confirmed by Schein et al. (1941)and the existence of 
the nuclei heavier than proton was investigated by Freier et al. 
(1948) through the measurements in nuclear emulsions exposed at 
high altitudes in balloons. The use of nuclear emulsions of 
various sensitivities have shown the existence of nuclei with 
charge ranging from £ to £7. The use of ingenious combination of 
Cerenkov and scintillator detectors and spark chambers led the 
discovery of electron and positron in the cosmic rays. The use of 
the earth's satellite and deep space probes, reaching beyond the 
influence of earth's magnetic field made it possible to explore 
the composition of cosmic rays of very low kinetic energy. The 
recent use of the nuclear photographic emulsion of large 
dimensions has dramatically produced the visual evidence that 
cosmic rays contain various nuclei up to Uranium and even perhaps 
transuranic elements (Fowlar et al. 1967). The use of special 
plastics together with nuclear emulsions exposed at great heights 
revealed the detailed charge composition in the high charge 
region. The study of charge in the primary cosmic radiation at 
the top of the atmosphere and finally the investigation of cosmic 
rays and electromagnetic radiation in interplanetary space itself 
have contributed appreciably to our understanding about the 
earth's immediate environment and interplanetary medium. Thus 
the cosmic ray researches have served as a unique tool for 
investigating a large variety of problems in high energy physics, 
elementary particle Physics, fistronomy, Astrophysics, Cosmology, 
Geophysics and Helio Physics, 
iil EJBIMflRY AND SECONDfiRY COSMIC JRflYSj 
Cosmic rays can be categorised into two seperate parts. 
COSMIC RftYB 
I 
Primary cosmic rays 
(PCR) 
Secondary cosmic rays 
(SCR) 
1.1.1 PRIMARY COSMIC RAYS: 
The top of the earth's atornosphere is being continuously 
bombarded by high energy particles. On the basis of our 
knowledge, primary cosmic radiation can be defined as the 
radiation consisting of particles with high kinetic energies 
entering at the top of the earht's atmosphere from the outer 
space. These primary cosmic rays can further be subdivided into 
two parts, 
(a) Solar cosmic rays (b> Galactic cosmic rays. 
COSMIC ROYS 
I 
1 
Primary cosmic rays SecondaY^y cosmic rays 
I 
I I 
Solar cosmic rays Galactic cosmic rays 
(GCR) 
S§1 SOLAR COSMIC RfiYSj 
Increses in cosmic ray intensity associated with certain 
solar phenomena such as solar flares, suggest that some portion of 
primary cosmic rays in the lower energy range originating from 
our sun. This low energy (E<1 BeV) part of the primary cosmic 
rays originating in the sun is called "Solar cosmic rays". 
Jbl GflLeCJIC COSMIC BB1§1 
However, it is clear from energy consideration that whole of 
the primary cosmic radiation cannot originate from the sun. The 
high enev^gy part of the primary cosmic rays O l BeV) the source 
of which is still unknown, is called "Galactic cosmic rays". 
L-_L._2 SECONDBBY COSMIC ROYS: 
The cosmic rays which are produced in the Earth's atmosphere 
in nuclear reactions between primary cosmic rays and air nuclei in 
the eav^th atmosphere are known as the secondary cosmic rays (Fig. 
1.1). 
t^liJl PRQDUCIION OF SECONDQRY QOSMIQ RQYSi 
When primary cosmic ray nuclei propagated in the atmosphere 
they make nuclear collissions with air nuclei of the earth's 
atmophere (nitrogen and oxygen). The collission probability is 
proportional to the exp (-xZ/lz. )• Where x is the atmospheric 
o 
c 
matter traversed in gm cm and Az is the mean free path of the 
nuclei of charge 2. The mean free path does not only depend on the 
charge Z but also on the energy E of the nuclei (Box- 1) 
/^ Z = f (z,E ) I 
Box - 1 
Collission probabi1ity o^ e / 
A%= f (z,Ez) 
Where _2_ ••-. 
x= matter traversed in gm cm 
/^z = mean free path of the nuclei of charge z 
E= energy 
For relativistic energy, mean free path is 70 gram cm for 
protons, £5 gm. cm for alpha particles and for heavy nuclei it 
is still smaller. 
Ircl<ient 
Primary 
Partfcl® •^'Y\OC 
6 
^o/^ 
Electromognetic 
Or"Soft" 
Component 
Meson 
Or "Hard*' 
Component 
Nucleontc-
Compontftt 
Firf. 1.1. Dinr-immatiiicn.l representation of production 
o^.''i:hc .secondary cosmdc ray componenjDc. 
U;P - High energy, nucleons. 
n^p - Disintegration product nucleons. 
e ' - atomic nuclei of atmospheric constituents. 
1 
During the interaction various secondary porticles escape 
from the disintegration of the composite nuclei. The schematic 
representation of the whole process is shown in fig. (1.1). 
± o 
In this process, nucleons, light mesons < /\ ,/\ ), heavy 
± o 
mesons < K, K ), and hyperons are produced in abundance, charged 
-8 
pions (/\-mesons) are unstable particles (life time £ x 10 sec.) 
± 
and will decay intojU mesons as box. £ 
BoK - 2 
Since charged pions are of short life time and also the 
interection cross section with nuclei is large, the number of 
particles reaching the lower atmosphere (or at sea level) is quite 
negl igible./JL mesons, on the other hand, are relatively long lived 
-6 
(life time "^ lO sec) and therefore reach the sea level. 
0 considerable fraction, however, of /X - mesons ( /U- ) decay 
± — 
into electron (e ) and two neutrinos ( Vi V ) according to reaction 
given in box-3. 
BoK - 3 
„„o • -14 
Neutral pions ( /\ ) have very small life time (~10 sec) 
The neutral pion has two decay modes (box-4). 
8 
B o x - 4 
A 1 ^ "*^ I 
I 
The first decay mode occurs for 9954 of the neutral pions-
Because of their very short mean life, neither /\, /\ nor any 
heavy mesons or hyperons' can constitute a component of marked 
intensity anywhere in the atmosphere. Thus the secondary cosmic 
rays mainly consists of: 
± 
(a) Meson component or hard component ( /jL mesons). 
+ _ 
(b) Electromagnetic component or soft component ( e , e and 
photons). 
(c) Nucleon component (Neutrons and protons). 
fit the sea level the secondary radiation consists of about 
755C hard component, £5% soft component and about 1^ nucleonic 
component. 
^•2 COMPOSLILQN OF PBIMftRY COSttLG RftY.S 
It is important to realise that the intensity of cosmic rays 
recorded at the earth is controlled by the solar activity, 
10 
particularly the low energy cosmic ray particles (i.e. E ( 10 eV), 
by the process known as solar modulation (discussed in chapter). 
In fact it is not absolutely clear whether at any time during the 
solar activity cycle, the full intensity of cosmic rays is 
1 
recorded. The composition of cosmic rays, as measured on the 
earth, depends on the composition at the source (or origin), 
acceleration processes at the source and what happens to the 
cosmic ray particles during their propagation through the galaxy. 
9 
It is now well established that the primary cosmic radiation 
consists of exclusively stripped nuclei. The primary cosmic rays 
consist of protons (Z=l), Helium nucleus (Z=£) and heavy nuclei 
(Z>3). From the survey of the existing literature, it appeav^B 
that in primary cosmic rays, approximately 35% of the particles 
BY-^e protons, about 4.5?'" are o(. - particles and 0. 55i are heavier 
nuclei. Results are discussed in Table-1. The figures given in 
Table-1 refer to sunspot minimum periods, when the cosmic ray 
intensity recorded at the earth may be expected approximately 
true galactic value. 
TftBLE-l 
COMPOSITION OF COSMIC RRY INTENSITY 
Group of 1 [ i % 1 I/lH 1 1/lH 
atomic 
nuclei 1 Z 1 intensity _^ 
(m • sec.str) 1 
by No. In universe 
Proton 1 1510 ± 150 1 94 1 680 ££60-6830 
o/ -part icle c! 89 ± 3 1 5. 5 46 £58-1040 
L-nuclei 3 - 5 + 0. £ 1 1 10 
M-nuclei 6 - 9 5.6 ±. 0. £ 1 wV £.6-10 
H-nuclei 10 - 19 1.9 ±0.3 1 1 0.5 1 1 
VH-nuclei SO - £8 0. 7 + 0. 16 1 0. 3 0. 06 
(orZ>£0) 
Where L = light, M = medum, H = heavy, VH = very heavy, 
l.£. 1 PRQION COMPONENT: 
Singly charged nuclei in the primary cosmic radiation are 
2 3 
mainly protons, deuterons (-H ) and tritons (jH ) have also been 
10 
discovered, but the abundance of deuterons and tritons is not yet 
well known. Proton measurement are difficult to make due to 
corrections neccesary for albedo. 
l.S. 2o(- PQRIICLEi 
3 4 
In doubly charged nuclei ( He and He ) the universal 
3 £ 2 4 
abundance of He nuclei is small compared to He , out of all 
c c 
components the o(^ -particles component is measured very accurately 
this is because of their 
(1) Good intensity. 
(£) Easier identification (by counter or photographic plates). 
(3) No albedo problem. 
This component has been measured over a various latitudes 
o o 
(from /I = 0 to 55 ). 
iiSiJ L-NUCLEI SRgyP: 
The nuclei Li,Be and B constitute the L-nuclei,statistically 
it is shown that the flux of these light nuclei in the cosmic ray 
beam is very poor compared to other groups. In 1950 Bradt 
measured the flux of L-nuclei at /l = 30 . He gave the upper limit 
£ 
for the value of flux Jt. "^  0.4 particles / ( m. sec. ster) 
which implies almost complete absence of this group in 
the primary cosmic rays. The presence of Li, Be and B in cosmic 
rays is assumed to be due to the break up of the M-nuclei and 
heavier nuclei in collissions with interstellar matter. 
l-_2._4 M-NUCLEI GROUPi 
The M nuclei are made up of C, N, 0 and F. Most of the 
measurements on this group have been performed at geomagnetic 
o 
latitude /I = 41 using emulsion plates, other techniques were also 
1 1 
used occasiorially. On the basis of the measurement of (Bristoll), 
Bombay and Rochestor groups. 
o 
The best value of the fluxe JM at A = 41 is 
JK) =5.5 to 7.5 particles /m. sec. strad. fit relativist ic 
energies the abundance ratio of C:N:0:F is approximately as 
1. 15:0. 3c:: 1. 0:0. OE the relative abundance of ' F' is not yet known 
very accurately. 
l.-_2-_5-_ HEflVY NUCLEI iZ>/.lQ.LL 
The flux of heavy nuclei (H~nuclei) has been measured mostly 
o o o o 
at geomagnetic latitude A = 30, 41, 55. The flux at ,^ =: 41 
ranges from 'd. I to £.8 <at balloon heights ~10 gm/cm . 
In order to have a better understanding of the H nuclei, we 
can divide this group into the following sub groups. 
(a) H nuclei (10<!Z^ <15) 
1 
<b) H n u c l e i (16s<Z>il9) 
£ 
( c ) H n u c l e i <£0v<Zv<£8) 
3 
I H n u c l e i (£9\<Zs<aO) 
( d ) - l 4 
I 
I H n e c l e i ( Z>eO) 
5 
at relativistic energies the ratio of abundances of H : H : H is 
1 2 3 
about to 70 : 9 : £1. 
iaL HjZ NUCLEI L LIO ^ Z ^ 15L: 
H group constitutes about 70"/. of the H-nuclei. In this 
1 
group neon, magnesium and silicon are most abundant. In this 
group the nuclei Na, 01, and P with odd Z have very small 
abundance and the nuclei with even charge ars on the average 10 
' 12 
times more abundant than nuclei with odd charge, 
i M H Z NUCLEI Sl§ :^  Z 4 1921 
c 
The H group constitute less than 10"/. of the H-group and 
e 
these nuclei in primary cosmic rays are produced due to breaking 
up of nuclei of H - group (£0 >^  Z ^ £8) in their journey through 
3 
interstellar space, therefore, it seems that these nuclei may be 
entirely absent in 'Sources' of cosmic rays. 
LQl H zGRQUP iZO£Z£aBi; 
3 
The element of H group i.e. (Fe, Ca, Ti, Mn, Ve, Sc) 
3 
constitutes about £0% of the H - nuclei. In this group element Fe 
<iron) is more abundant, next to Fe, Ca and Ti are prominent in 
this group. The nuclei Mn, Cr, Ve and Sc are also observed in 
small quantities. 
id). H - iitl M iQL QND U iZ >. SqL NUCLEI.; 
4 5 
The abundance of H and H nuclei is very low. 
4 5 
In 1967, Fleisher et al. using meteoriots indicated the 
existence of nuclei with Z>30. 0 combined experiments using 
both plastics and emulsions, (Blanford et al. 1970) and (Price et 
al.l971)have provided the evidence of the nuclei upto charge about 
Z=90. The existence of the transuranic elements was claimed by 
several workers. The observation of transuranic element in 
cosmic rays is of high significance, be-cause they pv^ovide 
information about the age of cosmic rays and the "source" of 
cosmic rays. The comparision of the charge distribution of 
primary cosmic rays with abundances of the elements in the 
universe is given in the table-£. 
13 
TABLE 
COSMIC RfiDIflTION FLUX o 1 UNIVERSRL 
z NUCLEI 1 AT = 41-5' 
PRRTICLES/M.SEC.STERftD. 1 
flBUNDONCE 
1 H 1 570 ± 40 100,000 
d He 1 90 ± 5 7, 500 
-3 
3 Li 1 55 ± .6 3 H 10 ~ 0 
4 Be 1 II II 
5 B 1 II II 
6 1 C 1 £. &5 ± .4 15 
7 1 N 1 1.90 ± .35 1 15 
8 1 0 1 £. 40 ± 0. 45 1 "" 50 ' 
-3 
9 1 F 1 . 60 1 4 K 10 "^  0 
10 1 Ni 1 1 £. 6 - 70 
1£ 1 Mg 1 > £.1 - £.8 1 £.5 
14 1 Si 1 1 £.9 
others Z<30 1 £. 7 
others Z>30 1 ~3 
1 4 K 10 "^  0 
From the above table the following interesting arid 
significant points are seen. 
(1) The light elements H and He are less abundant in the primary 
cosmic rays than in universe. 
(£) It is seen that the universal abundance of Li, Be and B is 
Zero. 
(3) The universal abundance of florine is also almost zero. Thus 
one can expect it to be the daughter products of heavier 
nuclei suffering fragementation in their propagation through 
1 ^ 
-I X 
interstellar matter. 
ii3 ENERGY SPECIRUMi 
The intensity distribution of cosmic ray particles can be 
expressed either by an energy spectrum or by a rigidity spectrum. 
Instead of later a momentum spectrum is sometimes presented. 
The energy spectrum is refered as either kinetic energy or total 
energy. For individual charge component energy per mucleon is 
considered. There are two types of energy spectra. 
(1) The integral energy spectrum. 
(£) The differential energy spectrum. 
The integral energy spectrum is established by a function 
N(E) which gives the flux of particles with energy E and >E while 
the differential energy spectrum express the number of particles 
n(E) in the energy rangy E and E +dE. It can be derived from the 
integral spectrum as follows, 
n(E) =dN(E)/dE (1-1|) 
The differential energy spectrum for protons (between 5 BeV 
and £0 BeV) has the form of power law, i.e., 
-r 
N(E)dE = K E dE (l-S) 
Where, N(E) is the number of nuclei with kinetic energy 
between E and E+dE per unit area per unit solid angle, K and Y^  Bre 
constants. The exponent Y' ^*^'^ 'the proton is about £. 6 and 
8 £ 
K=6.3xl0 where the flux is given in particles per m. sec. ster., 
and E is in MeV/nucleon. 
The intensity of protons N (> E) with art energy greater than 
E is also expressed in the form of the power law (Integral energy 
,r 
spectrum). 
/ -r' 15 
IM(>E)=K E (1-3) 
where, K' and Y" ^f"'^ constants with the relation T =7-1 . 
The values of y found by various workers lie betweeen 1.6 and 
£,£ in the entire range of PCR protons. The differential energy 
spectra for He nuclei ( above a kinetic energy of a fei^  
I 
BeV/nuleon), L- nuclei ( at high energies) , M- nuclei (at high 
energies) as well as H - H -and H nuclei (at relativistic 
1 2 3 
energies) may also be expv^essed by power law as: 
-Y 
N(E) dE = KE dE (1-4) 
The values of K and Y ,which is a function of energy, at these 
energies are given below: 
1 C w 
9 
6.3x10 £.6 £.5 £.6 £.6 £.68 £.78 £.76 
The primary spectrum of all nuclei summed together can be written 
in the form (Wolfendale ,1979) 
-y<E) ;; 
N(E) oC E (1-5). 
10 
Where,Y^E) is approximately constant at ('^ £.5) for 10 < E > 
15 15 
3 X 10 eV and has a different value (~3.£) for E> 3 XIO eV. The 
intensity of the cosmic ray particles in the energy interval 
9 £0 
from 10 eV to 10 eV has been measured with the help of different 
techniques. 
(a) In the lower energy region up to about 10 BeV per nucleon, 
the energy of the primary particles may be measured directly with 
the help of scat.tering measuy^ements in nuclear emulsions exposed 
16 
at high altitudes, but at higher energy this direct method can 
not be used and other methods must be used. 
(b) From 1 BeV per nucleon to 15 BeV per nucleon the geomagnetic 
latitude effect may be used to determine the energy spectra of the 
different types of primary cosmic ray particles. 
(c) fit higher energies beyond 15 BeV per nucleon the energy 
spectrum is determined by making use of the reaction produced by 
the primary cosmic ray particles in the atmosphere or in nuclear 
emulsion. 
11 30 
(d) In the energy range 10 -10 BeV/nucleon the intensity of 
primary particles is low, but it is still possible to use the 
emulsion plates to obtain the valuable flux. F'article in this:, 
energy range interect with the nuclei of the emulsion to produce 
the so called "JETS". In this reaction particles are produced in 
a nav^ v^ ow cone in the direction of the pv^imary particles. The total 
energy of primary particle is determined from the secondary 
particles produced in these "JETS". 
14 
(e) fit energies >/ 10 eV the flux of primary particles is so low 
that direct techniques cannot be used. fit this high energy 
hardly one particle can enter a counter or emulsion stack if it is 
exposed at the top of the earth's atmosphere for several days. 
14 
fit very high energies ^ 10 eV, the estimate of the flux of the 
primary particles is made from the study of extensive air shower 
(EflS) produced by such high energy particles. From such EfiS energy 
18 
spectrum of primary particles can be determined up to (10 eV-
13 
10 eV)/nucleon. fin another technique fov^  the measurement of the 
15 16 
cosmic ray energy spectrum between 3 XIO and 3 XIO eV is photon-
1 i 
density spectrum technique (Gregory, fl.G., Patterson, J.R. and 
Protheroe, R. J. , 1987). They describe a new ewperirnent to 
measure the cosmic ray energy spectrum in the astrophyically 
15 16 
interesting energy range from 3 XIO eV to 10 eV. The energy 
15 17 
range between 10 eV and 10 eV is particularly interesting because 
in this region there appear to be related changes in the power 
law index of the cosmic ray energy spectrum and cosmic ray 
anisotropy (Hi Has 1983) and possibly also in composition 
although this later question is cotroversial (Kifune et al. 1986). 
Further more, with the observation of ultra-high-energy '^ -v^ays 
from neutron star binary X-ray sources in this energy range, 
(Samorski and Stamm 1983,Protheroe et al. 1984, Protheroe and Clay 
1985, Baltrusaities et al. 1985, Waston, 1985) there has been 
considerable renewed interest in establishing the form of the 
energy spectrum and composition near 10 eV (Protheroe 1984), 
Observations with controversial air shower arrays at these 
energies have been, and remain to a large extent, difficult to 
interpret because of uncertainties in converting the measured 
parameters, shower size, to the primary energy independently of 
assumptions about primary mass composition and models of hadronic 
collissions, also, composition measurements at fixed primary 
energies are difficult because of array biases. Oil techniques 
regarding the measerement of energy spectrum for various energy 
ranges is shown in table-(3) 
J 8 
TablB-3 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ „ _ _ _ _ „ „ _ „ _ _ _ _ „ „ ^ 
1. (1 BeV-10 BeV per nucleon) scattering rneaBurernents 
£. (1 BeV ~15 BeV/nucleon) geomagnetic latitude effect. 
11 
3. (10 eV>E> 15 BeV per nucleon) reaction produced by P. C, R. in 
the earth atmosphere or in 
nuclear emulsion. 
11 13 
4. (10-10 eV/nucleon) measuring production of "JETS' 
in nuclear emulsion. 
14 
5. >/ 10 eV E. fl. S. ' 
15 16 
El. (3 KIO eV- 3x10 eV) photon density spectrum 
technique 
Fig (1*£) demonstrate (Simpson 1983) energy spectra (this is 
ordinary the term for the differential intensity,called also flux) 
for H,He,c and Fe nuclei. The spectra refer to the period near 
the solar cycle minimum. 
S 
L-_l COSMIC X-RQYS».Y-ReYS QHD NEUIRlNOi-
(a) X-ROYS:-
The presence of X-rays in primary cosmic radiation was 
discovered by Giacconi et al.(ig6£). The X-ray can be divided 
into two parts for convenience one with photon energy less than 
£0 keV or the Soft X-rays and the other with photon energy more 
than ao keV or the hard X-rays. 
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Fig. 1.2 . Energy spectra for H,He,C 
and FG nuc l e i . 
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(:b)Y-RfiYSs-
The Y -rays in cosmic radiation were discovered using 
instruments on board the satellite 0S03 (Clark et al.l968). cosmic 
rays with energy >10 GeV have not been detected so far, 
R possible source of Y"~''''='ys is from nuclear reaction of 
cosmic rays with interstellar and intergalactic material which 
o o produce /\ and /\ deay into Y~^^y^-
\ A°--Y^r 
S51 NEyiRlNO AND BNIiNiyiBiNDir 
Hs at present, cosmic neutrino flux has not been detected. 
The cosmic neutrinos of high energy arise in collission of cosmic 
rays with interstellar and intergalactic gas. This may arise from 
the reaction such as box - 5, 
Box - 5 
_U5 ELECIRON COMPONENT;-
Cosmic radio emission suggests that there should be a flux 
of high energy electrons. Recording to Earl (1961) the electon 
f 1 u K i s: 
Je {£.), 0.5 GeV) = 32 ± 10 electrons/(nft sec. Sr. ) 
Due to figrinier et al. (19&3), the flux is 
Je (E) 4,6 GeV) = 6.5 i 1.5 electrons/ (nr sec. Sr. ) 
This figure is consistent with reasonable extrapolation of 
I 
Eav^l's data. In general the electron flux is about 1"/. (approx) of 
21 
the proton flux for E>^ 1 GeV. Measuv^ement of the energy Bpectruni 
of high energy cosmic ray electrons require instrumentation 
capable of detecting low particle fluxes, discr irninat int| 
efficiently against protons, and measuring the electron energy 
accurately over a large range. Fig (l»-3) shows the differential 
energy spectrum of electrons from a few GeV to about 300 GeV as 
obtained in three measurements performed by the university of 
Chicago. The high energy results come from the two versions of o<.\r 
transition radiation/shower detector telescope (Prince, 1379, Tarit] 
1983) while the data below 10 GeV have been obtained withi j^  
different instrument (Evenson and Meyer,1981). The three data sets 
agree very well with each other. ftlso the trend of these data 
seems to agree well with the high energy results of Nishimura et 
al. (1981). Clearly at energies beyond 10 GeV the electron spe'ctrum 
becomes much steeper than the spectv^um of protons and beyond 
-3-Z -3'7 
about 4o GeV, attains a power law slope between E and E . Ths? 
study of the (e /^) ratio is very difficult, but it is an 
important quantity, beccu-tse it gives information about the origiir 
of these electrons. If the electron component arises from the 
nuclear-^  interections of the galactic cosmic rays during their 
passage through the galactic medium then the ratio should be 1 
(i. e, e /e+ ~1), or if they are coming predominantly from the 
source regions, then the ratio e /e should be greater than 1 
(e /e >1) experiments of Deshong (1964) gives 
e /e ""5 in the energy range (o. 34 E ^ 1 GeV ). 
i.-.6 BNIINUCLEi JN COSMIC RflYSj 
The presence of antimatter in universe has been discussed by 
22 
- ^ 
1 
S oca 
3 C GO 
.z: i/i o c 
CL Z U h^  
• < " 0 - •< - • -
o 
o 
o 
o ^ 
o > 
o 
> -
o 
cc 
LU 
Z 
UJ 
o 
o 
in 
o 
o 
^^B0^0BS^js^m^3 X 3P/NP 
If 
1 i-i 
4' 
1 
<M 
* 
s 
23 
several authors and the accelerat iori of the avit irnatteY-^  could lead 
to the presence of antinuclei in cosmic rays. fintiproton flux in 
primary cosmic radiation detected in the ~0.1 — 10 GeV range 
(Bogomolov et al. 1979, Golden et al. 1979, Buffington et al. 
1981). Which can not be accounted for by p production in cosmic 
ray interections with the interstellar medium, have to assumptions 
of their being created in dense compact objects (Ginsburg, V. L. , 
Ptuskin, V. S. , Lebedev physical Institute preprint No. 35, 198A), 
molocular hydrogen cloud (MHO (Tan, L. C. 1985), in thf3 
evaporation of primordial black holes (PBH) (Kiraly, P.et al. 
1981), by antimatter possible present in the universe (RMU) 
Steckar et al. 1985) and in the annihilation of photinos (f-1P) 
(Steckar et al. 1985) and in the annihilation of fotinos (OP) 
(Btecker et al. 1985). 
iiZ SOLflR CgSMiC RflYSj 
Solar cosmic rays were first discovered by Forbush (1946) 
based on his analysis of three unusual increases in cosmic rays 
observed on £8 Feb., 7 March, 194£ and £5 July 1946. The study of 
low energy cosmic rays of solar origin provides useful information 
concev^ning the association of solar and terrestrial phenomena as 
well as information related to the propagation mechanism of these 
part icles. 
Based on the time profile and peak intensities of solar 
cosmic ray events, these events are temporarily classified into 
two types called 'Unusual increase' and 'small increase'. In 
general, if the peak of the intensity of solar cosmic ray increase 
is >/ 10"/. of the background intensity of galactic cosmic rays, we 
24 
called this event as unusual increase in accordance with Forbush 
(134&). The other events are called small increases (Kodana, 
196£:). According to their energy, solar cosmic rays in the energy 
range ~1~500 MeV are refered to as 'low energy particles or 
'energetic particles' and 'relativistic particle events' in the 
energy range ~0.5-5 GeV (Duggal, 1979). 
ft number of good review articles have been published in the 
past on solar cosmic rays in non-relativistic range (Sakurai, 1974 
McCracken and Rao, 1970, Palmeira, 1975) and relativistic solar 
particles (Carmichael, 196£, Duggal, 1979). Solar cosmic ray 
events usually stav^ts with a sudden increase of cosmic ray 
intensity just after the onset of the solar flare. Ofter the peak 
intensity is reached, the intensity starts decreasing gradually 
-3/2 
following a power function of time such as t at first and then 
at later times it decreases exponentially like exp (-t/to). Such 
a time profile was explained by means of diffusion of solar cosmic 
rays in the inner solar system (^  1.4 flU). In general the solar 
cosmic ray events are produced from a solar flare which is 
accompained by a type IV radio burst of wide frequency band. 
This means that the high energy electrons are accelerated 
simultaneously with solar cosmic ray protons and heavier nuclei. 
Also, it is known that the majority of the solar cosmic ray events 
are associated with solar flares on the western hemisphere of the 
sun. 
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L._I-_1 COMPOS LILQN BE SOLQR CgSMLQ RQYS:-
Direct observations showed that the main component of solar 
cosmic rays consisted of protons. For this reason, the MeV 
cosmic ray events, were often called 'solar proton events'. 
Helium and other heavier nuclei are also present in solar cosmic 
rays. the relative abundance of some chemical elementsof solar 
cosmic rays (Z>iE) are given in table - 4 (Biswas and Fichtel, 
1965). 
TflBLE-4 
Composition of solar cosmic rays 
Y^elative to oxygen =1.0 
Element Charge Z Ralative abundance 
He 2 107 ± 14 
Li 3 . - -
Be + B 4,5 0.02 
C 6 0.59 ± 0.07 
N 7 0. 19 ± 0.04 
0 8 1.0 
F 9 0.03 
Ne 10 0. 13 ± 0.02 
Na 11 
Mg 12 0.043 ± 0.011 
fll 13 
Si 14 0.033 ± 0.011 
P-Sc 15-21 0.057 ± 0.017 
Ti-Si 22-28 0.02 
2G 
The relative abundance ratio P/o( is highly variable (Freier 
and Webber 1963). The magnitude of P/e^  is related to the type of 
solar cosmic ray events. For this region this ratio P/o^  cannot be 
uniquely determined by observing solar protons and Helium nuclei. 
On the other hand the relative abundance ratio 'vM and «^ /H ar-'e 
almost constant for solar cosmic ray events and therefore are very 
similar for the photosphere of the sun (Biswas and Fichtel, 1965). 
1^1^^ ENERGY SPECIRUM OF SOLBB COSMJC BB1§1= 
For energetic particles Freier and Webber (1963) have shown 
that BTi exponential rigidity spectrum of the following form can be 
fitted to the solar paricle flux (from a few MeV to a few BeV 
range) 
dJ f dJ \ -P/Ro(t) 
=1 1 (t) e (1-6) 
dR VdR/O 
Where R(= Pc/Ze) is the particle rigidity.Van Hollebeke et 
al. (1975) have shown that over a limited energy range (4-80 hIeV) 
the differential intensity canbe fitted with a power i law 
spectrum of the following form 
dJ -Y 
= KE (1-7) 
dE 
where, the average value of "/is £.9 for £0-80 MeV protons 
and £.5 for 8-£0 MeV protons. They have also found that exponent"/ 
is a function of heliolatitude of the parent flare. 
For relativistic particles: The spectrum for relativistic 
particles is generally determined from the data of neutron 
monitors located at stations characterized by.different threshold 
v^igidit ies. 
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L-_a QRIGI.N OF COSMIC RQYSi-
The cosmic rays have been discovered in 1911, even then it 
is not very well known, where they originate and how they acquire 
their tremendous amount of energy, per nucleon. Further it is not 
certain whether the whole primary spectrum can be ascribed to 
particles of one and the same origin. However, various theories 
concerning the origin of cosmic rays have revealed that the posmic 
rays are partly of solar origin and partly of galactic origin and 
a part of cosmic rays having very high energy per nucleon, have 
their origin even beyond our galaxy (i.e.Extra galactic origin). 
JBISOLBJ? ORiGIN jz 
The term solar origin signifies that the origin of the 
cosmic rays exists somewhere on the sun. Infact during the solar 
flare the sun produces large number of particles of energies 
varying from several hundred MeV to several BeV. This accelei^at ion 
occur during high solar activity, Uhen a large erruption takes 
place and large masses of ionized gases shoot-out from the surface 
of the sun into the interplanetary space. The magnetic 
distarbances accompanying these erruptions are strongly suspected 
as the agency through which some of protons in solar atmosphere 
acquire high energies. However, the isotropy of quiescent cosmic 
rays and the presence of high energy particles (proton of energy), 
15 
10 eV) demands the origin outside the solar system. If the cosmic 
ray particles have energy of the order of 10 BeV which form the 
major portion of cosmic rays, then neither the earth's magnetic 
-5 
field (~0.5 gauss) nor the interplanetary field ~ (3x10 gauss) can 
15 
maintain their isotropy, for a proton of energy 10 CeV) the 
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17 
radius of curvature in IMF will be nearly 10 cm, which is 6500 
times the earth- sun distance, While the radius of curvatur^e in 
the vicinity of earth will be 6x10 cm Which is 10,000 times the 
15 
radius of the earth. Thus the portion of energy 10 eV or more do 
not go under appreciable deflection, neither in IMF nor in 
earth's magnetic field, so if they are produced by the sun, they 
would come from the direction of the sun. But the shower 
experiments have shown that there is no preferential direction of 
arrival of high energy particles. 
ill GQLQCTIC ORIGIN:-
It is natural to assume that cosmic rays are 
produced in galaxies rather than in the nearly empty space between 
the galaxies .The main question is whether cosmic rays seen near 
the earth originate in our galaxy (Mil Iky way) or outside our 
galaxy. If the cosmic rays are from outside our galaxy, they 
might be pervading the whole universe or restricted to our local 
cluster of galaxies. The general argument for galactic origin 
is given below: 
The energy needed for maintaining the cosmic rays in our 
galaxy is available. 
—1£ 3 
The cosmic ray energy density is about=10 ergs/cm and the 
6B 3 
galactic volume including the halo is about =10 cm, and the, life 
8 
time of the cosmic rays in the galaxy is about 10 years. The 
energy needed to maintain the cosmic rays at its present 
intensity is (box-5) 
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Box-5 
I -12 68 
I 10 X 10 40 
I E = ~ 3 X 10 ergs/sec 
I CR 7 8 
I 3 X 10 X 10 
From the energy consideration the possible source of cosmic 
rays are given in the following box-6, 
Box-6 
S.No-1 Possible source of cosmic rays 
Supernova as a source of cosmic rays 
Pulsur as a source of cosmic rays 
Rapid X-ray burster as a source of cosmic rays 
The energy given in box-5 can be supplied either from 
supernova explosion, Pulsars and from rapid X-ray burster (Singh, 
L,M. and Duorah 1983) with the observation in recent years of 
ultra-high energy gamma rays from spesific astrophysical sources, 
it has become possible to state with some confidence that the 
sources at least a sub-set of the high energy cosmic rays are now 
known. It is not known whether or not such sources contribute the 
whole of the observed cosmic ray beam or whether they ars capable 
of pv^oducing the highest energy cosmic rays. It has been 
suggested for instance that a single source such as Cygnus X-3 
17 
might be capable of producing all cosmic rays up to at least 10 
eV. If this is so, then simple measurements of the cosmic ray 
anisotropy should put limits on the source energy spectra at 
high energies where galactic propagation approaches reactilinear 
30 
rnotiori in the galactic magnetic field. Source distribution and 
magnetic field modelling might be expected to give useful 
information at lower energies. The authors Kilikove et al. (1969) 
and Syrovatski et al. (1971) paid great attention to possibility 
17 
of galactic origin of ultra high energy (UHE) cosmic rays, E >10 
eV. In the case when a regular magnetic field exists only in the 
galactic disc, the galactic models predict two large anisotv^opy. 
The most datailed calculations of the UHE particle propagation for 
disc model were performed by Karakula, S. et al. (197c:). The 
related anisotropy was shown as being too large in comparision 
with the observed values. 
The existence of the regular magnetic field in the galactic 
halo suggested by Berezinsky (1977) and Berenzinsky et al. (1979), 
was expected as it can change drastically the situation. The 
regular magnetic field must be produced as a result of the cosmic 
ray convective flow and of hot gas together with the frozen 
magnetic field from the disc to the halo. Turbulent motion of the 
gas tangles up the magnetic force lines while strengthening of the 
irregular field component does not destroy the regular field, as 
it follows from the magnetic flux conservation. The UHE particles 
have large larmor radii. The effect of the irregular conponent 
averaged over trajectory vanishes and the particle deflection by a 
regular component associated with the conserved flux is 
determined. 
The calculations by Berezinsky, V. S. et al. (1979) and 
Berezinsky V.S.,(1983) demonstrate that the cosmic ray intensity 
17 19 
and their spectrum at 10 - 10 eV for the galactic model with the 
31 
Y'-egular magnetic field in halo can explain the obsev-^ vat ions. The 
most difficult problem of these models is the anisotv'opy. 
ill SUPERNOVftE as Q SOURCE OF COSMI.C RQDI.flILgN> 
flll the existing information leads naturally to the 
hypothesis that cosmic radiation originated in the expanding 
envelopes of supernovae and possibly also of novae. The most 
important requirements which must be ment by sources of cosmic 
radiation follow from consideration of energy. We have already 
seen that the rate of loss of energy by cosmic rays in the galaxy 
39 40 ^ 
is Ucr"^  10 -10 ergs/sec. Supernovae and novae satisfy these 
requirements. In out burst at supernovae, the energy passing into 
48 50 
visible radiation is 10 -10 ergs and if supernovae explosion 
occurs about every 50 years the power out put is: 
50 
10 41 
= = 10 ergs/sec. (1-fl) 
7 
50x3x10 
LLLl PULSfiR QB a SOURCE OF COSMLG RaBLailQNLz 
In case of pulsars the central body is responsible for the 
pulsation is thought to be rotating neutron star having a 
5£ 
rotational energy of 10 ergs. If again a pulsar is born every 50 
"years (a pulsar is expected to originate in a supernovae explosion) 
and if say ten percent of the pulsar energy loss goes to particle 
radiation then the energy supply to cosmic ray is 
51 
10 41 
Ep = = 10 ergs/sec. (1-9) 
7 
50x3x10 
which is enough to maintain the intensity of cosmic rays. 
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LLLLl RflPID XrRQY BURSIER ftS Q SOURQE OF COSMIC RftYBs.-
Prirnary cosmic ray particles consist of mostly protons and 
nuclei of light and heavy elements. The origin and acceleration of 
high energy cosmic rays have always been a problem. Even before 
the discovery of pulsar, the origin and acceleration of the cosmic 
ray particles are thought to be due to the magnetic field of the 
nebulous clouds and in the supernovae shells (Ginzburg,1969). The 
rapidly rotating neutron star represents a plausible galactic site 
for the production of energetic particles. Gunn and Ostriker 
(1969) proposed that the pulsars were the sites for acceleration 
of cosmic rays.Singh and Duorah (1983) have found that a rapid 
burster MXB~1730-335 may be constant source of high energy cosmic 
v^ ay particles. In what follows, we consider this burster as the 
model cosmic ray generator. This burster is known to be a rapidly 
rotating neutron star accreting matter from a companion. 
Electrons cart be pulled out from the stellar surface much more 
rapidly than the positive ions. The electron work function for 
mattev- in super strong magnetic field is at least an order* of 
magnitude less than positive ion binding energy (F^uderman and 
Sutherland,1975). Hence,the neutron star surface is a copious 
supplier of electrons. These electrons moving in magnetic field 
lines emit curvature radiation photons which are energetic enough 
to produce additional e pairs. The positron escape from the 
polar cap upward while the electrons strike the surface of the 
polar cap area and may through out C,0,Ne etc nuclei,which were 
produced. On the accreted matter being converted into heavier 
nuclei by thermonuclear reactions over a long period of time. 
S3 
These nuclei will then be accelerated to very high energies. ft 
neutron star which produces X-ray burst for six months will be hot 
enough to produce the required cosmic ray composition of heavy 
nuclei. When a particle of charge Z traverse a distance 1 in 
uniform megnetic field of strength B, the highest energy attained 
by the particle is given by- 300 Z Bl eV Rose (1973). Modifying 
this expression suitably for our purpose, a particle moving inside 
the accretion funnel with angular widt "" 1/^  (Rose, 1973) , the 
maximum energy gained by the charge Z while traveling for a 
distance of 10 cm is found to be 
Emax "^  2x10 (Z/Y-)eV ' 
1 
Wher 
-e,y 
/ 2 i 
\/ 1 - V / C 
For a nuclei of charge Z=50 and Y =10-100, the maximum energy 
21 £2 
attainable is around 10 -10 eV. fl highly magnetised neutron star 
7 Bo 
whose polar cap is sufficiently hot (10 -10 k) in general is a 
constant source of high energy cosmic rays. The physic£\l 
conditions available in a long period transient like MXB 1730-335 
are suitable enough to produce the composition and energy of 
cosmic rays. 
The question of galactic versus extragalactic cosmic rays 
has not been settled . The discovery of energetic sources in out-
own galaxy like pulsars. Rapid X-ray bursts, has shifted the 
consensus however towards the galactic origin of cosmic rays. 
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CHQPIER - 2 
TIME VflRIftTIONB OF COSMIC RflY INTENSITY 
S iP i N I i ? O D y c i i g N i -
The observation of cosmic radiation using ground based 
instruments,over long periods of time and at several locations was 
undertaken by Compton (1935) and Forbush (1957). They used thf^  
ion-chambers, which detected the secondary radiation produced ivi 
the earth's atmosphere by the primary cosmic radiation incidfMi^ 
at the top of the earth's atmosphere. It was observed by Foi^bunh 
that the intensity of the radiation varies with time at each 
locatiovi. More recently the variation of cosmic rays has been 
studied using detectors of slow neutrons at sea level and n i-
mountain altitudes (Dorman, 1963). These neutron monitors agai\f> 
detect the secondary radiation produced in the atmosphere by the 
primary radiation, consequently neutron monitors do not respond to 
primary particles with energy of a few hundred MeV or less-
Instruments borne on balloons and satellites are therefore taeinq 
used to detect directly the low energy radiation and determine 
their secular variation (Webber, 1967) . The above detectoris have 
sftown the existence of several types of variation of primav^y 
radiations. It is generally accepted that the cosmic ray intensity 
is isotropic and of galactic origin,with the sun emitting cosmic 
ray particles only occasionally. The sun and interplanetary 
medium exert a profound influence on the cosmic radiation. It 
causes them to undergo deviation from isotropy and change of" 
spectrum as well as intensity. The observed cosmic ray intensity 
'5 0 
vav^ia t ior i s a r e c u s t o m a r i l y d i v i d e d i n t o two c a t e t j o r i e ^ : 
SBl BEBIQDIC VBRiBIiONSi-
(1) Daily variation (Diurnal and semidiurnal Variation) 
(£) S7- day variation. 
(3) 11-Year Variation. 
(4) SS-Year Variation . 
ill NON-PERLODIC VQRLQIIQ.NSL1: 
(1) Bolar flare increases 
(E:) For bush decreases. 
£•_!. IHE DIURNAL VQRIQIIQN LZ 
The fact that the daily variation is a solar time variation 
indicates that at least the diurnal variation is correlated with 
the rotation of the earth, fls the earth spins on its axis with a 
period of S.^ hours d'solar day), a ground based detector on earth 
scans the entire celestial sky and any anisotropy of galactic 
cosmic radiation in the interplanetary medium will be observed as 
a daily variation of cosmic ray intensity. " Brunberg and Dattner 
(1954) were the first to attribute the diurnal variations 
obBev"/ed at ground based detectors to an excess of cosmic ray 
pavM:icles arriving from asymptotic direction 1800 hours local 
time. In addition to the ground based detectors, such as neutron 
monitors and meson telescopes, the daily variation of cosmic ray 
intensity have also been studied by low energy detectors flown in 
high altitude balloons, rockets and space crafts and also by higli 
energy underground detectors. The ground based detectors respond 
to primary cosmic ray particles of energies from "^ 1.5 BeV (limited 
by atmosphere) to a few hundred GeV. On an averag^e basis only 
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thY-ee ft-equencies e.g. one cycle per day or diurnal variation, two 
cycles per day or semidiurnal variation and three cycles per day 
or tri-diurnal variations are observed. The harmonic conipontivrt • 
higher than three cycles per day in cosmic ray neutron monitor and 
meson monitor data have not been reported so far. The diurnal 
variation is found to be most dominant in comparison to the other 
two components. 
The characteristics of the solar diurnal anisotropy froiii 
observations with ground based detectors was first discus'scd 
systematically by Dorman (1957). Later Rao et al. (1963) developed 
the method of variational coefficients for calculating the 
diurnal anisotropy Characteristics in space from ground based 
otasei^ vat ions of cosmic ray intensity. The amplitude and hout^ 'is J^ ( 
maximum of daily variation ax'^e obtained by harmonically arialyGirui 
the 24-liourly data record by ground based detectors. The firot 
second and third harmonics of Fourier expansion are obtained as 
diurnal, semi-diurnal and tri-diurnal variations rejspect ive l.y,. 
The characteristics of daily variations ars obtained by using thr 
I 
dat^ of number of statiovis and by applying the corv^ ectiovi (or 
geomagnetic effects (Rao,et al.,1963, Mc Cracken and Rao,1965). 
Siiii CHORBCTERiSIICS OF DRILY VBRiBIIfiN ir 
From ari extensive analysis of ground based neutron monitor 
data, from a large number of stations during (1954-65) Rao et al. 
(1963) and McCracken and Rao (1965) have demonstrated that thf? 
yearly average diurnal variation observed at relativistic enerqie-
(VI GeV) can be expressed by a spectrum of the type-
^J (R) -P 
= fi R Cos ( y^  - y^ o) Cos A 
J (R) 
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f o r R < R max 
^ 0 f o r R > R max. (£:-:l) 
where fl and \ | ^ a r e t h e a m p l i t u d e and space d i r e c t i o n o f t i t • 
rria>; irnuin ampl i t ude, and R and cos / \ arB t h e r i g i d i t y s p e c t r u m and 
latitude dependence of diurnal anisotropy, R is rigidity in GV, /\ 
is thR declination and R max is the upper cut of rigidity beyoiid 
which the diurnal anisotropy does not exist, and are r^ pact' 
I 
directions measured east of the sun-earth line. They summarise';! 
that the average diurnal anisotropy has following characteristic';;. 
(a) Rigidity independent (^=0) in the rigidity range 1-100 GV. 
(b) Varies as cosine of declination-
(c) Amplitude of the anisotropy ~ 0.38 ± 0. Oe*/.. 
o o 
(d) tt maximum f l u x i s i n c i d e n t f r om 89 ± 1.6 e a s t o f t l ic ' 
sun earth line, i.e. 1800 hour local time. 
Pomerants and Dug gal (1971) have also summariried ti' 
B.v(?rage characteristics of the diurnal anisotropy from the rcMJul. i 
of numbev^ of investigators, that over the range from a few GV I 
about 100- GV of rigidity, the anisotropy is essciifciai) 
independent of the rigidity the direction of the maximum ainplitud" 
o o 
lies within 15 about 90 east of the sun-earth line and spac-r 
amplitude varies from 0.3% to 0. 5/.. 
The observations of many other investigators (Pomerantz et 
al. 1962, Kane. 1964, Willets et al.,1970) are found to be in good 
agreement with these findings. From a rigorous analysis of ion 
chamber and moson monitor data, Forbush (1967, 1969), showed that 
the average diurnal variation is composed of two distinct 
compofients W and V, the component W has its maximum or minimum in 
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the div^ection 128 east of the sun-earth line, which is voughly 
the average IPMF direction and varies sinusuidally with a 
periodicity of £0 years and passes through its zero amplitude wlien 
the sun's polar magnetic field is reversed (Forbush 1973). Hie 
o 
other component V has its maximum along 90 east of the sun - earth 
line and varies with solar activity, shows a solaxr cy(::l6 
dependence. Both long term and short term chang€?s occur in 'he 
diurnal variation. The amplitudes and phase of the diun.a,! 
at-iisotropy change with a period of one or two solai-- cycles 
(Pomcrantz and Duggal 1971, Rao, ig7£, flgrawal & Singh 1975, PVUIM^V 
1978). 
£-_l-_2 iXPLQNQIIQN OF DIURNAL VQRLaiLQNlz 
fthluwalia and Dessler (196£) gave a theory for diurnal 
variations, according to which the spiral nature of IMF gives ari 
lectric drift resulting into a net streaming perpendicular to 
gardon-hose angle. Stern (1964) showed that such a streaming 
ould be exactly neutrilized by ari equal and opposite streaminri 
due to density gradients. 
Parker (1964) suggested that if there were irregularities iri 
the IMF' beyond the earth's orbit, the density gradient would be 
mostly wiped out and a streaming could be obtained due to 
corotation of cosmic rays with the sun. 
RKford (1965) treated the problem by assuming gener 
iri-egulart ies superimposed on the average pattern of IMI 
showed that the streaming of cosmic ray by these would lead to 
corotation with the sun. Both these models lead to 
daily variation of amplitude ±0. 4"X with an hour of maximum in the 
e 
w 
"a 
aiK 
i\ 
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18 hours direction. This is in agreement with the average pattern 
of experimentally observed daily variation, but certainly not with 
its large day to day fluctuations. 
e^e SEjji-piURjvJBJr VBBJfiUeiJls-
Fourier analysis of the yearly average cosmic ray intensity 
yields a significant semi-diurnal variation in addition to diurnal 
variation (Rao & Sarabhaiy1961) have provided a resonable evidence 
for the existence of a significant semi-diurnal component of 
extra- terrestrial origin from a comparison of the observed 
variation in the east and west pointing telescopes inclined at the 
same angle to the zenith .However, due to presence of the large 
amplitude of semi-diurnal pressure wave, which can introduce a 
pressure induced variation and the poor statistical accuracy due 
to low counting rate of monitors, the existence of semi-diurnal 
variation of cosmic rays could not be firmly established. With the 
availability of the data from super neutron-monitors having high 
statistical significance, Abies et al.(1965) conclusively showed 
the existance of semi-diurnal component of solar daily variation 
of world wide nature. The average characteristics of the semi-
diurnal variation can be represented by the equation. 
*^J<R) 
=fi g (/\)R for R <R max I 
J(R) I-- (2.2) 
=0 for R > R max I 
Where g'[/\) describes the dependence of anisotropy on declination 
and R shows the dependence of anisotropy on rigidity.The value of 
for each year during 1958-1968 has been estimated ~ 1.0+0.2 and 
g(/\) ==co5 /\ . The mean semidiurnal phase for the period 1958-
1968 has been observed almost constant, the maximum flux coming 
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from the direction 13£±6 West (3.2±.04 hours) of earth-sun line. 
The maximum cut-off rigidity, up to which semi- diurnal variation 
exists, has not been estimated unambiguously, though Rmax==100 GV 
may be the best choice. 
2._3 FORBUSH DECREQSESj.-
Forbush decrease (Fd) is essentially art isotropic phenomenan 
and is most recognizable member of the faimily of many short 
term cosmic ray decreases. Such decreases were first observed by 
Forbush(1938) in the ionization chambers data. 
Forbush decreases are generally characterized by Sudden 
decrease in cosmic ray intensity with the total time of decrease 
varying between few hours to days. Recovery to the intensity to the 
predecrease level can last from few days to a weak or more. 
Thus, in general, Fds have a rapid rate of decrease and slow 
recovery. 
Generally, recovery of intensity following Fd follows 
exponential law with a time constant showing a variability from 
about a day to many weeks. This rate of recovery is not clearly 
associat£?d with the magnitude of the initial decrease or with the 
associate'd continuing magnetic activity (Sandstrom, 1965, 
Lockwood. 1971, Kane,1976). Several workers in the field have 
proved that it is a world-wide phenomenon,appearing simultaneously 
at all latitudes and longitudes. It could also be shown that it is 
closely associated with solar and geomagnetic disturbances. The 
magnitude of the decrease varies within very wide limits. Decrease 
of 15 to 20 per-cent of the total intensity has been recorded. 
The decrease in cosmic ray intensity is larger at higher altitudes 
40 
particularly at middle and high latitude stations. 
F-'ov^ bush decrease usually occurs within 1-6 hours after thf 
onset of a typical world wide geomagnetic storm on the eartf!. 
(I3achelet,et al. 1360). However, the presence of matgnetic stor-m * 
not always necessary. Although there is no definite relat ioviBh j, i 
between the amplitude of the cosmic ray decrease and the rnagni t; u'i' 
of the geomagnetic field variations. 
Forbush decreases are characterised by a rapid decrease in 
cosrnic ray intensity followed by a gradual recovery lastinq 
several days. ftn association between Forbush decreases and 
geomagnetic storm was identified in the earliest papers 
(Bandstrom, 1965 and Dorman 1963).Magnetic storms were attributed 
to plasma clouds (compact objects composed of fully ionized plasma 
propagating away from the sun) by Lindeman (1919)and by Chapman 
and Ferrai^o (19£:9). Rlfven(1954) showed that a beam of plaGnm 
moving away from the sun would carry along magnetic fields from 
tlie sun. Thus, it was natural to attribute Forbush decrease to the 
interaction of cosmic rays with a "magnetized plasma cloud"depends 
on the configuration of the magnetic field in the cloud- Morrison 
(1954; 1956) suggested that the magnetic field in a cloud is 
turbulent. He argued that cosmic rays would propagated into 
cloud by diffusion, and he explained Forbush decre^ises as a 
consequence of the fact that the time to fill a cloud by diffusion 
is smaller than the time for a cloud to propagate from the sun to 
1 01). Cocconi et al. (1958) and Gold (1959, 196£') suggested that the 
magiifstic field in a cloud is ordered and rooted at the sun,forminq 
a "magnetic tongue" (Fig £:*1). They explained Fov^bush decreaxses as 
a consequence of scattering of cosmic rays by gradients in the 
4o 
Plasma Cloud 
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Ferraro 
1929 
Magnetized Plasma Clouds 
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Shock Wave 
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Lg. Z . l . The. e a r l y views of pla.-^ .m •, c louds nnd vmn^^i^-^lc raacjnetic 
?i''\ld. coliciriur-i.tions in tlie c loud5 . P a r k e r ' s p i c t u r o (bottcnn'' 
do'T. rr-t: r o c u i r o tlie presence of a pl-inini c loud . 
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magnetic field. The existence of shock waves in the solar wind 
was suggested by Gold (1955), and Parker (1961) showed that the 
ambient interplanetary magnetic field would be compressed and 
distorted by a shock, forming a shell of intense magnetic field. 
He argued that Forbush decreases could be produced by the 
diffusion of cosmic rays through this shell (Parker 1963). 
The onset of Fds does not always start from a constant level, 
but very often it is associated with smal1'pre-increase' in cosmic 
ray intensity (~£-3% ) preceding the onset of Fd. The preincrease 
is usually of very short duration C^ few hours) though it 
may extend to longer period. Further, in many cases, small 
anisotropic decrease in intensity also takes place before the 
start of prominent decrease which is usually called a 'pre 
decreases'. Thus a prominent Fd could be preceded by a pre-
decrease as well as the pre-increase. 
In addition to simple type of Fds observed in isolation, 
complicate;d types of structure in cosmic ray intensity have also 
been seen, where two or more Fds follow closely one after another. 
It happens also that small Fds appear during the recovery of main 
Fds. Very often these superimposed intensity variation are 
distinguished only by employing the data from a number of widely 
spaced stations simultaneously. Such a complicated types 
of structure has been often called 'cosmic ray storrn'. When these 
events (i.e Fds)and geomagnetic storms are examined in detail, the 
correlation is usually very poor, particularly for events of small 
magnitude. Large Fds are often associated with very small 
magnetic storm,while many magnetic storms are observed to occur in 
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isolation of any Fd (Kane,1977).Later it was proved that the two 
phenomena are correlated because both of them are produced by a 
single source in interplanetary medium influenced by solar 
activity. Attempts have been made to correlate solar flares and 
Fds to establish a common solar source producing both the 
geomagnetic field fluctuation and Fds. But it was found that 
a number of large flares occuring in favourable locations in the 
solar disk could not produce any decrease in cosmic ray intensity. 
Moreover, many a times, it was found that a small flare in 
unfavourable position produces large decrease in cosmic ray 
intensity. It was suggested that few of Fds which are not 
associated with the individual solar flares are either associated 
with corotating streams (Vershell et al. 1975) or with the flares 
produced in the visible portion of the solar disk (lucci et 
al- 1977) . Recently Duggal and Pomerantz (1977) have provided 
evidence on statistical basis that majority of the active regions 
during their central meridian passage (CMP) produce these 
intensity variations. They have further concluded that the 
individual solar flares donot produce Fds,and the (CMP) of active 
I 
regions are important in producing Fds. More recently lucci et 
al. (1979)have established that Fds are produced by those flares 
which are accompained by energetic type IV radio emission. The Fd 
amplitude seems to related to the energy of the radio emission. 
We have been discussing observations made rtear or within 1 
ftU, Interplanetary transients and Forbush decrease have been 
observed beyound 1 OU. Flare associated shocks observed by 
pioneer 10 and pioneer 11 were investigated in a series of papers 
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(the reviews by Intri1igator, 1977, 1980, Smith and Wolfe,1977 and 
1979, and Srnit, 1983). Burlaga et al. (1980, 1981) analyzed 
rnulti spacecraft observations of flown within £ ft.. L), 0 large 
Forbush decrease observed at 16 flU by pioneer 10 and at 7 OU by 
pioneer 11, was discussed by Van alien <1979) and Pyle et al. 
I 
(1979). Lockwood (1958, 1960, 1971) noted the existance of long-
lasting Forbush decreases, in which the cosmic ray intensity is 
depressed for a month, and he suggested that they are an important 
part of the 11 year variation: 
£i^ SOLfiR FLflRE iNCREfiSES ir 
The most striking feature of the cosmic ray intensity 
variation are the lavage transient increases of cosmic ray 
intensity in a few minutes after a visual flare on the solar 
disk.During the solar flare the sun produces large number of 
particles quite frequently in energy range 100-500 MeV,less 
frequently up to 10 GeV and on rare occasions up to 50 GeV which 
CBri be recorded by ground based detectors. 
filthough the flare effects display varying characteristics 
however, it is possible to form a rough picture of normal event 
in which intensity increase starts suddenly and reaches a maximum 
in a very short time of about 20 minutes. After maximum the 
intensity decreases, at first slowly, during half an hour or 
slightly more, then the slope becomes steep for some hours during 
this period. The recovery to constant level can take more than 2A 
hours in some prominent cases. The amplitude of increase very 
much depends upon the location and the type of detector. The 
neutron monitor located at high latitudes shows an increase of £5 
50 
to 150 times of normal intensity, whereas the meson detectors 
located nea»-» equator give an increase only of few per cent of the 
normal intensity. The time scales of increase are different for 
particles of different energies, the low energy particles takf? 
longer time to attain peak of intensity. The direction in which 
the particles arrive first is not from the direction of the sun, 
but from a direction west of the sun-earth line making an angle of 
o 
about 45 .ftfter this initial anisotropy which persists for few 
minutes, isotropy is attained as the particles seem to arrive 
from all directions. Recent setellite measurements, however, 
indicate that anisotropy may persist for long times for particles 
with energy of a few MeV. The increase in the intensity of low 
energy particles in the interplanetary spac^ has revealed that 
the exponent of the rigidity spectrum is higher than that for 
galactic particles. The event of Feb. 25, 1956 displayed an 
increase even at Huancayo and Kodaikanal where the cut-off 
rigidities are 15 and 17.5 GV. This event was also recorded by 
ionization chambers and counter telescopes. It predicts that the 
part of particles responsible for Feb £3, 1956 event must have 
rjgidities of £5 BV or more. Studies of these events have revealed 
that the diffusion mechanism plays an important role in the 
transport of the particles from the sun to the earth, thereby 
providing the nature of IMF and their fluctuation in space and 
time. 
2-_5-_ llzYEQR VQRtQIION i-
Observations over several decades have revealed that the 
cosmic ray flux is modulated by the 11-Year solar cycle of sunspot 
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activity, reaching a maximum during the quite period of the G O T n 
cycle and a minimum near the peak of solar activity tlnr-
establishing an inverse relationship between the solar activity 
and the galactic cosmic ray intensity (Forbush,1954, Pomerantz ct. 
al. 1958 a,b). 
During the active period of the solar cycle, more solar 
events pull more of the solar magnetic field into the 
interplavietary space to prevent the galactic cosmic ray 
intensity at the earth is depressed. The intensity variation 
obBf?rved which is approximately of '^£0% at neutron monitors and of 
'•^'5"/> at meson monitors from solar minimum to solar maximum is found 
to be strongly energy dependent. The results, from, a large amount 
of data concerning the rigidity dependence of the long tcorin 
modulation, indicate that the low energy component of the cosmic 
rays shows the highest solar cycle modulation, whiles t he-
part i d e s with rigidities higher than 15 GV seen to remain 
relatively unaffected and even during minimum solar activity' 
there exists a residual modulation of cosmic ray intensity. The 
li-yr3av" cyclic variation in the pattern of solar activity, a-: 
measured by the number of sunspots, the frequency of solar flau^es 
aiicl otiier solav^ events, was established by the solar scieJnt i <-'t'~. 
in the past. Various parameters have been used to de^fine the solat 
activity to derive their effect on cosmic ray intensity and lo 
determine the physical mechanism of the solar modulation of 
galactic cosmic rays. It is generally agreed that the solar wind 
and the ~ frozen in' IMF along with small scale irv^ egularitiV;?^ -, 
convect out the particles entering into the solar systf rn 
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from dut Bide while they diffuse throuqh thp Hlf 
I 
iv^vegularit ies. Various modifications have been suggested to this 
simple convection diffusion model to indicate the energy loss 
effects piart icularly relevent at energies <, 1 GeV. This concepi: 
easily explains the 11-Year solar cycle variation of cosmic rays 
with maximum at sunspot minimum, and minimum intensity duririi:;| 
sunspot maximum activity. The time lag observed between thf 
maximum (peak) cosmic ray intensity and the minimum in sola'r* 
activity has been utilized to estimate the size of the modulatinii 
region (D). Using sunspot number as the parameter to define? <.'ol».r 
activity, a lag of 3-lEl months was found (Forbush, 195B) tvh i < :^ 
corresponds to D*^  100 flU, a value which is of an order of magi!ilM'Je 
gr-eater than that obtained from many other evidences. Vari'jus 
theoretical models have been proposed for explanation of the 11 
Year variation of galactic cosmic ray intensity. Elliot (19&0 av>H 
196c:) has proposed a modulation mechanism which is applicable to 
the 11-Year variation as well as to Forbush decrceases. He fi<7'-. 
suggested that axial ly symmetric large scale current system coulo' 
exist at (5-15) solar radii in the corona and assumed that it 
-5 -4 
would generate an interplanetary field of 10 to 10 gauss. He h-u 
determined that cut-off energy for galactic cosmic ray particlGr 
is not sharp because of scattering by inhomogeneities in the field 
beyond the earth's orbit. The outward motion of the- plasma i<:^  
assumed to be the source of inhomogeneit ies. Recording to th:i.•; 
model, ari outward displacement of the interplanetary field due to a 
general outflow of solar plasma during the period of enhanced 
solar activity would be the production mechanism for the elevf?vi 
bo 
Year variation. Parker (1958 a) suggested that the interplanetary 
magnetic field frozen into the solar wind will tend to convect 
the cosmic ray particles radially outward at the solar wind 
velocity and establishes a positive radial density gradient. Due 
to the positive density gradient cosmic ray particles always 
diffuse into the solar system through interplanetary magnetic 
field and diffusion attain a steady state when the outward 
convection of particles is balanced by inward diffusion (Parker 
1958,1963). This concept, now known as convection diffusion 
process, was first proposed by Morrision (1956). In a steady 
state condition, assuming spherical symmetry, the model 
qualitatively explains the eleven year solar cycle variation. The 
convection-diffusion theory (Morrison, 1956, and Parker 1958 b) 
has been modified by a number of workers (Gleeson and Oxford 
1967, 1968 a, 1968 b, Fisk and Oxford, 1968, 1969, Jokipii, 1967, 
Jokipii and Parker, 1957, 1958 and Skadron, 1957). On the basis 
of pioneering work done by Parker (1965 and 1966) taking energy 
losses and adiabatic deacceleration into consideration. Using the 
spectrum measurements of protons, helium and electrons it has 
been found that the convection diffusion theory, with the energy 
loss term included, is successful in explaining the experimpntal, 
observations for particles of energy V 100 MeV. 
For a symmetrically expanding solar wind carrying with it 
magnetic field irregularities of uniform statistical distribution, 
the number density of cosmic ray particles (number of pav^ticles 
per unit volume) of energy 'E' in a steady state at any v^ adial 
distances ' r' from the sun is given by 
• I —'- dr y -&4-(2r3J 
Where Uo (E) is the number density at a radial distance R from the 
U(r,E)=Uo (E) exp 
sun beyond the modulating region. Vf> is the solar wind velocity 
and K is the isotropic diffusion coefficient. 
{ This model has been further imporved by a number of workers 
taking into account of various other factors such as. 
(1) The adiabatic energy changed due to the non-zero divergence of 
the solar wind velocity (Parker,1965,Gleeson Oxford,1967 
Singer et al. 1962). l 
(£) Anisotropic diffusion due to the non-fluctuating (average) 
component of IMF (Parker 1965, Oxford 1965). 
(3) Relationship between diffusion tensor and the magnetic field 
power spectrum (Jokipii, 1966, 1967, Haselrnann and Wibberentz 
1968, Roelof, 1968). 5 
2i§ iiz YEAR yfiRiSTION ir 
The existence of ££-Year modulation of cosmic ray intensity 
is pointed out, using data of ion chamber and neutron monitors for 
about four solar cycle. The modulation consists of two discreatf? 
states (high and low intensities), each corresponding 
respectively to parallel and antiparallel states of the polarity 
of polar magnetic field of the sun to galactic magnetic field. 
The observed intensity difference between two states is about 4.3 
± 0.£% for neutron monitor (Pc=1.5 GV). It has been pointed out 
by many researchers that some anomalous phenomena in the solar 
modulation of cosmic rays have been observed since several years 
after the solar maximum ('^ 1958). 
DO 
These phenomena were summarized by one of the authors 
(Nagashima, 1977) and interpreted as the result of the polarity 
reversal of the polar megnetic field of the sun which occured in 
the period of 1969^1971 (Howard,1974). The interpretation is based 
on the hypothesis that when polar magnetic field of the sun is 
§ • 
nearly parallel to the galactic magnetic field, they could easily 
connect with each other, hence galactic cosmic rays could easily 
intrude more easily into the helio magnetosphere along magnetic 
lines of force, as compared with those in anti-parallel state of 
the magnetic fields. According to this hypothesis, one should 
observe also ££-year variation in cosmic ray intensity because 
polarity reversal occurs around every solar maximum. 
2._7 27-DQY VQBIAII.QN i-
The 27- day recurrence of magnetic storms is a well known 
phenomenon. It is correlated with the transits of sunspot groups 
serviving for more than one sun rotation period. The £7-day 
recurrent changes in cosmic rsy intensity, which at^6 not 
associated with solar flares, are closely correlated with 
recurrent (M-region) geomagnetic storms. There is an apparant 
correlation between Forbush decreases and magnetic storms which 
It 
can be regarded as ar\ indication that both these phenomena popsess 
the same recurrence tendency. However during,the periods of high 
solar activity cosmic ray storms (CRS) becomes very frequent in 
their occurrence and sometimes several storms superimposed one 
upon the another and form a complicated pattern, therefore, it 
becomes difficult to trace any regular interval between the 
events. Even though in some instances decreases appear to start 
with a time difference of approximately £7-days. 
n , DO 
The £7 day recurrent decrease is a quasi-permanent 
o 
phenomenon and shows close correlation with enhanced 5303 ft 
emission from the active regions (Mori et al. 1964 and Pathak, 
1969) . The period of recrrence was observed to vary from £:7-days 
to 30 days (Venkateson,1958). This variation in the period can be 
explained by the point of solar rotation. In the beginning of a 
new cycle, the first sunspot appears at comparatively higher 
latitudes resulting a longer interval of recurrence compared to 
the case when a sunspots at low latitudes. The amplitude of £7-
day variation of neutron component at minimum solar activity has 
been observed to be 3% , whereas for the years of minimum solar 
activity it is observed to be 0.5/. only. This result has 
supported the results of Meyer and Simpson (1954) concerning the 
large changes in amplitude of £7-day variation of cosmic ray 
intensity with solar activity. Freon (196£) investigated that the 
£7-day variation of nucleonic component, during 1956-1959 has a 
constant period equal to (£7.4±0.06) days. 
The harmonic coefficients of the £7-day fourier expansion of 
daily average values of neutron component of cosmic rays measured 
at Washington, Norikura, and also the solar radio flux of 
frequencies 3750, 9400 MHz at Toyokawa have been studied. It has 
been found that the amplitudes and times of maximum of the £7 day 
and 13.5 day variations for both cosmic rays and solar radio flux 
change from time to time. fls a rule, some delay exists between 
the time of maximum of the amplitudes of the £7 day variations of 
cosmic rays with respect to the time of maximum of the amplitudes 
of £7 days variations of solar radio flux. The differential 
.' -^. I O i 
energy spectrum of the £7 day variation of the neutron component 
of cosmic rays was found to have the form of power spectrum witli 
an exponent which changes its value from year to year. The 
investigation of £7-day variation of cosmic rays and its 
dependence on solar activity has been used as a method for 
studying the electromagnetic conditions in the vicinity of the 
sun, which is varying with a period of synodic rotation of active 
regions ori the sun. The £7 day variations has been usually thought 
of as reccurrence tendency with changing amplitude and phase. 
This fact reflects the effective control of the cosmic y^ay 
transport by the interplanetary magnetic field. Sonip 
interplanetary and terestrial phenomena shows variations with 
synodic rotation period, such as £7 and £8.5 days. The 
periodicity of cosmic ray intensity is Known exactly, owing to its 
modulation in the interplanetary space, but it is about £7 
days (Bishara, fi.fi, 1988). flttolini et al. (1981) found that the 
£7-day wave has a period £8.5 days with small amplitudes around 
the solar minimum, and a period of £7.5 days and 
large amplitudes around solar maximum. In trying to relate the 
observed £7-day trains to special solar phenomena, Bazilevskaya et 
al.(1981) made use of the method proposed by Vernov et al. 
(1979) and found that high latitude solar effects must have been 
at work in producing the £7-day r^ecurrerices in cosmic ray 
intensiy. To study the £7 day variation of cosmic ray intensity 
arid its dependence ori solar activity the daily averages of the 
nucleonic component of cosmic rays measured at l.£4 GV and 11.39 
GV during period from 1958 to 1969 has been used. The average 
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daily values of solar v^ adio flux at two frequencies 3750 and 9400 
MHz observed at Toyokawa during the same period have been used as 
a solar activity parameters (Bishara, R.ft. 1988). The result 
obtained are presented in (Fig£-2). ft good correlation of the £7-
day amplitude of the cosmic ray intensities with the solar 
activity prameters can be clearly seen from (Fig.c.'»£). 
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CHftPTER-3 
THE SUN, I T S OTMOSPHERE fiND SOLAR O C T I V I T Y 
3^.0 JHE SLJNir 
The sun is one of the normal star in the main sequence in 
U 
our galaxy, which contains "10 stars. Although the sun is a small 
star, but it is the only star whose surface is directly observable 
from the earth by the naked eye and it produces a disk image in 
the telescope. This fact is very important for studing tlie 
various phenomena occuring on the sun's surface as well as in 
other stellar objects similar to the sun. By studying the detailed 
structure of the atmosphere and interior of the sun, we are able 
to understand physical characteristics,of stars similar to the sun 
and their role in the evolution of our galaxy. The sun is our 
nearest star and it is the star of average size, mass and 
brightness. It is much closer to us than the other much bigger 
1 :l. 
and brighter stars. The distance of the sun from earth is 1.5x 10 
meters (approx) which is called the astronomical unit (f\U) . In our 
planetary system the sun is the main source of energy. It is a 
spherically symmetric body in equilibrium and it is the 
only star which present its surface details. Sun is a completely 
gaseous sphere of diameter 1390000 km. The distance of the 
sun from the centre of our Mil Iky way galaxy is "^ 30,000 light 
years (fig 3. 1) while the earth - sun distance is "" 1.5x10 km. 
33 -3 
Its mass and density is about £xlO gram and "^ 100 gm x cm 
respectively. The radius of its visible disk (photosphere) is 
5 
abou 7x10 km, which is 109 times of the radius of earth. The 
!* 
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accGletal; iovi due to gravity at the sun has been estimated to be "" 
S. 74x1.0 cm, sec. The comparative sizes of the sun and the major 
j)!. orif-'t-•> are shown in (fiq 3.S). This figure shows clearly iioi.; 
small the earth is compared with the sun. However, the earth is 
dsn'iser tl^ an sun. Pll the parameters of sun ,-^rG givevi in tatale--l. 
Table-1 
F' a r a I ii e t e V" o f s u I'l 
I .1. t i a r t h - Sun d i s t a n c e 
I 
I ;~:. Di s t a n c e o f t h e s u n - f rom our^ 
I M i l I k y way g a l a x y . 
I 
I 3 . l a a n i e t e r o f s u n 
I 
I 4 . t l i e mass oF t h e s u n 
I 
I 5 . D e n s i t y 
1 
I 6. The radius of its visible 
i (I :i s\'. ( photosphere) 
I 
I 
) 7, ttcceleration to gravity at 
I t h e s u n. 
I 
I 8. Power out put of the sun 
I 
I 
I 9. Life- time 
I 
I 1 (I). T G ri I p) r a t u r e . 
I 
1 1 
1.5x10 meters (flU) 
30,000 light Years. 
1390000 km. 
33 
'^  SxlO gram. 
"^100 gm. cm 
5 
'"7x10 km (which is i") 
times of the rad i us o \ 
earth) 
4 -£ 
~ £.74x10 cm. sec 
£6 33 
'^  4x10 watts or 4x10 
earg/sec. 
~ 10 billion years. 
6 o 
-" 15x10 K. 
Jil I.HE CORE OF THE SUUtz 
In the central part of the sun, the solar material is tniitily 
ri-mpr(?ssed under its own gravitational attraction. The mean 
-3 
central density is about 100 gm.cm and the temprature has been 
So 
estimated to be 15x10 K. Due to such a high central density and 
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^ : ^ ' ' " ! J^2r " " ^ S a t u r n f^^P^une 
Venus M r^^ cury^ 238,84-G MILES Mars 
Earth Moon 
Fig . 3»2.*Comparative sizes of the Sun and the major planets. 
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tornprature, therrnorruclear reactions takes place. Hydrogen is the 
most plentiful element in the universe; the sun contains a high 
proportion of it. Deep inside the solar globe, where the 
ternpratui^ e and pressure 3.re immense, the hydrogen nuclei 3.VG 
combining to form nuclei of helium by p-p cycle or CNO cycle and 
the enormous amount of energy is released. fl part of this energy 
is being continuously radiated into the space. The processes by 
which the energy is librated in the core of the sun avB discussed 
below: 
3._liaL PRQIQNzPRQIQN CYCLEs.-
Energy is released by the p-p cycle in the core of the sun. 
In 1930, by a young graduate student, Charles critchfield showed 
that at the tempratures and pressures expected to exist at the 
core (or centre) of the sun (fig-3.3). One possible sequence? of 
fusion reactions, the p-p cycle, is the main source of the energy 
generated in the sun and the other stars with an abundance of 
hydrogen. Most of the energy production takes place at the? 
interior of the sun, where the temprature is about 15 million 
degree kelvin and density is about 150 times that of water, such a 
high temprature is required in order to drive the fusion 
reactions, and they arm therefore called thermonuclear fusion 
reactions. It would be possible for two hydrogen nuclei to 
collide and form a nucleus of deuterium (or heavy hydrogen) and 
two other particles, a positron and a neutrino are produces. The 
reaction can be written as; 
1 
H 
S 
1 ^ 4 
H > H + e + ^) 
1 1 
71 
^^'^•'^'•'E:-
F i g . 3 . 3 . '^^  schemat ic view of thp Core (or contr'->) 
of thG Sun. 
I? 
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(Fusion of two hydrogen nuclei to form a deuterium nucleus 
also releases energy) 
Once created, the deuteron can collide with another proton, 
producing a light isotope of helium (He ) and a high energy 
photon, or gamma ray. The reaction is written as; 
' C 1 J 
; H + H > He + 
? 1 1 e 
(gamma ray) 
(The fusion of hydrogen and deuterium nucleus to form a 
nucleus of helium-3) 
The final step in the proton -proton cycle takes place when 
a second nucleus of light helium, created in the same way as the 
first, collides with it, forming a nucleus of ordinary helium and 
ejecting two proton. The reaction can be written as. 
He + He ) He + H + H "^ :»»t-^  fH^ u ^  
4 1 1 
-
£ 1 1 Z^l 3 
(The fusion of tuo helium-3 nuclei to form a helium -4 
nucleus), whole cycle is given in Tatale-£ 
u 
M s i 
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T a b l e - S 
. 1 1 c! , 
0 . H + H > H + e + •): 
1 1 1 
( qhaVYlYYV-C^YaM) 
I c! 1 ^ 
I H + H > He + 
1 1 1 £ 
|l 
i 1 1 ^ v 
IB. H + H > H + e + •)• 
I 1 1 1 
I 
I ;=• 1 3 
, H + H > He + (^^QmmQ -XOJjJ 
1 1 1 2 "^  
I 
I 3 3 4 1 
I C. He + He > He + £• H 
I 
I 1 4 
I 4 H > He + Energy, 
1 1 £ 
3._LibL IHE CflRBON^: NITROGEN.- OXYGEN C Y C L E L -
It is believed that proton- proton cycle is the main soiirc;.. 
of enf^rny generated by the sun and it is also the power source foi" 
stars less massive than the sun. But there is another set of 
reactions known as carbon- nitrogen -oxygen cycle (CNO cycle) 
which is the main source of energy generated in more massive 
stars. The p-p cycle generates energy per gram that depends on 
the fourth power of the central temprature of the star. Thii?; 
would mean that a star with a central temprature twice that of 
sun would generate 16 times more energy. On the other hand, the 
CNO cycle is much more sensitive to temprature, its eneryy 
generation rate depends on the twentieth power of tempraturf-
since more massive stars will in general have higher central 
ii 
74 
ternprat ures, it is apparent why the CNO cycle will dominate? in 
their energy generation. Carbon ~ nitrogen and oxygen cycU? 
contributes only a small amount to the sun's luminoHiity, it is 
believed to be very important in stars that are more massivp bhan 
the sun and dominant in very massive stars. In carbon- nitronf:M'r-
o><yge?n (or CNO cycle,) hydrogen is also converted into liBliuin, 
however, nuclei of the elements carbon, nitrogen, and oxygen 3.rp^ 
also involved, although they are constantly renewed in the cycle 
and are not used up permanently. The sequence of the nuclear 
reactions in the CNO cycle is shown in Table-3 
Table-3 
la 1 
0. C + H 
6 1 
13 
N — 
13 1 
C + H — 
6 1 
14 1 
B. N + H — 
7 1 
15 
0 — 
a 
13 
—> N + (gamma ray). 
7 
13 ^ 
—> C + e + (neutrino) 
6 
14 
—> N + (gamma ray). 
7 
15 
--> 0 + (gamma ray) 
8 
lu + 
— > N H- e + (neutrino) 
7 
15 1 1£ 4 
N + H > C + He 
7 1 6 £ 
1 4 
C. 4 H > He +• Energy. 
1 a 
During this cycle, four hydrogen nuclei are converted into 
:>ne helium nucleus, and the original cav^bon atom reappears. Hev^e 
^  75 
the function of carbon is as a catalyst, if a star had no carbon 
atom in to core,it would not be able to generate energy by using 
this cycle. The enormous amount of heat so produced in the core 
is travisf erred outward by radiative transfer and convective 
processes. fit the surface of the sun convection is more dominant 
and the ascending hot gases carry the heat out wards. 
3._£ IHE QIMQSPHERE OF IHE SLJNL 
The atmosphere of the sun (or the solar atmosphere) has 
three distinct layers. The physical characteritics of these layers 
i^rB very much different (fig 3.4). 
(i) Photosphere (ii) Chromosphere (iii) Corona. 
3._£-_L THE PHQIQSPHERE i-
The bright, visible surfaces of the sun that we see is called 
the photosphere. More precisely, it is the shell of hot, opaque 
gas several hundred kilometers thick, within which tht^  spn's 
continuous spectrum is produced. The emission coefficient is very 
high for this layer. The lowest layer of the solar atmosphere is 
the photosphere and its depth is currently estimated to be £00-400 
Km. All the heat and light is radiated from the photosphere. The 
temprature of the photosphere is not exactly known, however, it is 
generally accepted that at its top where the photosphere is almost 
transparent, the temprature is about 60o0 K. fit the lowev" depth, 
the photosphere blends into 'an opaque region known avs "Convective 
TonB" of the sun, which extend by 1/10 of the solar radii. 
16 
Hydrogen is thie most abundant element (density 10 /cm ) in i-iio 
ptiotosphere and,infact, throughout the solar atmiDsphere heliuiri is 
five to ten times less abundant than hydrogen, oxygen nitrogen and 
Corosno 
^ Temp.(">;) 
Dcnsity(9rn/tm'- 'J 
lutf^y v ^ > l ?>^ 
' i r ; . J.A, The geiiernl f e a t u r e s of s o l a r proi; 'ert ier . , sti:ur:ti,i^"c 
cuid rnouels of outv;ard energy f lou prov id ing (jUalit-itivf? 
^ n i c t u r o of the sun. 
carbon ar-e less than one thousandth as abundant intc-?Y"rnB of 
particle density. Other interesting details about the photosphere 
av^ e revealed in photographs made with larger telescopes. Fig (3-»5) 
is a photograph taken with princeton university's project 
stratoHCope, a telescope suspended from a balloon about 100,000 
feet above the earth's surface. In this photograph, we notice a 
pattern of bright and dark av^eas, known as granulation. The 
photosphere is not uniforrnally bright but consists of 
a large number of granules on a somewhat darker back ground. 
Bright areas observed on photograph are slightly hotter than the 
darker ones. The granules Rre normally circular in shape, t:li>ough 
in the neighbourhood of spots they become elongated, the average 
si/!e of granulation is 700 Km in diameter and its range is £00 
to'^SOOKm. The brightness fluctuation is quite small and this 
fact suggest that the temprature difference between these granular 
0-
elements in the photosphere is 100 K or less. The average life 
time is 8.6 minutes, it varies from 8 to 10 minutes. The granules 
occur every where on the surface of the sun and some times even in 
umbra of large sunspots. 
3i£_--2 F0CyLfiE i 
I: Besides the granules some other bright regions are also 
observed in white light on the photosphere these are called 
faculae Fig (3.6). Faculae are regions of great brightness, 
usually greater than that of the photosphere, which straggle in 
irregular fashion for many thousands of miles across the sun's 
surface. They are also to be seen in the neighbourhood of the 
limb, where they stand out in marked contrast to the reduced 
f^ ., 13 s / s ^I^:J 
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brightness of the photosphere. These are associated with 
sunspots, but sometimes they also appear at high latitudes outside 
the sunspot groups. They last longer than the associated 
sunspots. The faculae may therefore be regarded as raised areas-
mountains of gas rising above the mean level of the photosphev^e. 
They BVB usually found in association with sunspots, but sometimes 
occur in regions devoid of spots. In general they appear livnn 
before the formation of a spot and survive long after it ha'-
d isapjpeared. Bipoler field patches with diameter 50,000 to PC'O. ( HH.) 
Km and field of "^ 1 to 50 gauss avB associaterd with the?se faculae, 
these are called B.M.regions. The photospheric faculae and 
chromospheric faculae or plages af^e closely associated and, 
infact, they are the different manifestation of the samf^ 
phenomenon, at different heights of the solar atmosphere. Faculae 
contain granules (brighter than but otherwise similar to 
photospheric granules) which combine to form coarse mottles 
having diameter of about 5000 Km. These mottles in turn tend to 
string together into chain and the net work of these composes the 
faculae. Leighton et al. (196£) have discovered two v£?ry 
remarJ-f.able phenomena on the solar photosphere. 
(i)super granulation (ii) 5 minute oscillations. 
The gas in the solar photosphere, tends to move 
collectively in a large -scale horizontal motion. This motion is 
defined as super granuation. They observed large velocity cells 
3 
of<15~£0)X10 Km diameter on the sun. These cells BVB also named as 
super -- granulations. Besides these large velocity cells on the 
photospere, small regions of 2" to 3" of arc show velocity 
81 
oscillations with a pev-iod of about 5 rniriutes. Velocity 
oscillations with about 30 minutes period have been observed by 
Shelly and Bhatnagev- (1971). 
3^3 JHE CHROMOSPHERgir 
The total solar eclipse of 1860 may be? regarded as niarklnri 
the be?ginning of the serious study of the chromosphere. Tlic? 
chromosphere can also be studied routinely by using 3.ri instrument 
called a coronagraph, which creates a sort of artificial eclipse 
by blocking out the light ft^ om the sun's disk. This permits:- tha 
fainter^ chromosphere emissions to be examined. The chromosphere 
can also be studied from space craft. Immediately above the 
pliotosphere lies the chromosphere, in which solar flares mainly 
occur. The boundary between photosphere and chromosph€:?re is in 
general, defined interms of visibility in the continuous spuctruni. 
Since the chromosphere is transparent and can not be seen under 
normal circumstances. The flash or emission spectrum which aaY-\ be 
observed in the chromosphere is its most important feature. It 
indicates that the emission lines of various atoms and ions are 
emitted from the chromosphere. These emissions a<rs c=?a5ily 
observed duing total eclipse of the sun. So we may define the 
chromosphere as- during the total solar eclipses when the moon 
completely covers the photosphere disk, a luminous layer is seen 
just above the photosphere. Which emit bright monochromatic 
lines. This layer is known as chromosphere. 0 simple view of 
undisturbed chromosphere is shown in <Fig. 3.7). 
The whole chromosphere is divided into three regions, Uie 
lower, middle and upper chromosphere. The height of these region:, 
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?-* :. :•.?. A Simple view of undisturbed chromoGpherp. 
'} • 8 3 
a b o v e the? a t m o s p h e r e a r e ( a p p ) 4 0 0 0 Km, 4 0 0 0 t o 8 0 0 0 \{ui and '•\'jni} 
l:o I.','5000 Kin v^c^spect i. v e l y . T h e s e l a y e r s r e p r e s o a n t t e m p r a i ; u r ' -
'[^t V• a t i F i c a t i C'vi (F i g. ?3. 8) . 
I n t h e B p e c t r u n i o f c h r o m o s p h e r e ? , h e l i u m l i n e s ; Bn:' v i s i b U - , 
tlu;:-';e a r e al;)Hent i n t l t e s p e c t r u m of p h o t o s p h e r e . Tlio r.i';;e in 
t f..;'iii[.)rat u r e i s s l o w i n t h e l o w e r ch romosphev^e b u t i t r i s e s v^api c'l l y 
i n t l i e m i d d l e and u p p e r c h r o m o s p h e r e . The i n c r e a s e o f lii. yh 
e x c i t a t i o n l i n e s i n d i c a t e s t h a t ' t h e c h r o m o s p h e r e h a s a I t i r i t u ' r 
t e m p r a l u v ^ e t i t a n t h e p h o t o s p h e r e . H e n c e a t t h e t o p of f l i e 
j •l iCito' :-phere, a r e g i o n o f minimum t e m p r a t u r e e x i s t s ( F i n 3 , G ) . Mig 
0 
t cni|)i-at u r e i s a b o u t 4 7 0 0 K a t i t s l o w e s t l e v e l t o a b o u t a nn, 1 I i ort 
dei:|iM3e a t t h e t o p . V e r y l i t t l e o f t h e s u n ' s r a d i a t i o n comrjs 
d i r ' ! : : l ; ! y f rom t h e ch romosphev^e , w h i c h b e i n g t r a n s p a r e n t l ran'":fi! i ' s 
n e a r l y a l l t h e r a d i a t i o n s o r i g i n a t i n g i n the p h o t o s p h e r e . II iB 
d e n s i l ; y d i s t r i b u t i o n i n t h e c h r o m o s p t i e r e c a n be d e r i v e d r rom ' .he 
1 ^ e 1 a t i on b e t ween t he i rrt e n s i t i e s arid c o r i-^esporic.i i vi g a 11 i t u c| r-'':i >;.! 
the : cTir oiriospht;;r i c l i n e s , ov^  f rom t f i e i n t e n s i t i e s mear:;ured a t 
c i i f f e r e n t l e v e l s . The d e n s i t y g r a d i e n t o f t h e m e t a l l i c e l e m e n t ' -
i n t l i e l o w e r c h r o m o s p h e r e i s r o u g h l y what wou ld be e x p e c t e d iti it. 
a t m o s p l i e r e o f p u r e h y d r o g e n i n g r a v i t a t i o n a l e q u i 1 i b r i uiii. i h c 
h i g l i e r l e v e l s o f t h e c h r o m o s p h e r e apF)ear t o be s t i l l tii'. rrg 
r a r e f i •:'(I. Tlie c h r o m o s p l t e r e i s bhe mos t s p e c t a c u l a r r e g i o v i o f l,he 
sur i Mhevf;? a l a r g e v a r i e t y o f i n t e r e s t i n g p h e n o m e n a , s n r l i aS 
(Mi;re< . iirvjrni n e n c e s etc: ' , t a k e s p l a c e . tt chromos| : : )her ic:: f]nyi-- i s 
• i h o r t l i v e d , s u d d e r i i n c r e a s e o f i n t e n s i t y i n t h e ne i cilibovhi,^'.' of 
t h e s I . I n s p o t s . I t i s b e s t o b s e r v e d by u s i n g m o n o c h r o m a t i c ( :> ' - e y 
s u c l i a s Hv 
vjh i t e 1 i g h t . 
I n some r a r e c a s e s f l a r e h a v e b e e n s e e n ev(::'ii iyj 
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3..3._.1. PROMINENCES i-
ft beautiful large prominence, is shown in (Fig. 3.9), 
prominences may assume a great variety of shapes, resemblirn] 
clouds, jets of smoke or vapour, trees, feat hev^ s or fountains, 
as can be seen from modern photograph. The spectrum of the 
promiviences consists of emission lines belonging to the Balmer 
series of hydrogen, to ionized calcium and to helium. The forces 
which eject the prominences from the chromosphere act in such a 
way as to separate out the heavier elements, of which barium is 
one. The following classification of prominences, has been 
suggested by Pettit shown (Fig.3.10). 
ill BQIIVE PRQMINENCESi-
Which appear to be under the influence of an are?a of 
attraction or of a nearly spot. 
I 
Which shoot up rapidly in a direction more or less; vertical 
to the solar surface. 
13). BPOI PROMINENCES i-
In the form of closed rings or jets. 
A^l yORJiCOL PROMiNENCES ±z 
In the form of spirals, or resembling standed rope. 
J51 RyiESCENI PRQMiNENCESj.i-
Whose shapes change more slowly than any of the fore r:ioint.|. 
In reality all prominences are active, it being only tlinir 
degree of activity that varies. 
_3^3^e_ SPJCULES ir 
When the chromosphere is viewed at the limb by using 
monochromatic filters, such as H^ ,the irregularity of t he 
86 
Fi--.:).9. A simple viev/ of beaut i ful 
large prominaiice. 
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•'-':• 3.10. •j O 111 p -| • -I 
, -^ c viGw Of the c l a s s i f i co t -^n 
pronanences, suggested by P e t t U r ' 
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i! 
chrornosphev^e becomes apparent. This view shows that the upper" 
chromosphere, wheri seen in good eclipse photographs, appear to 
have a spicular structure. It has already been said that, Has was 
• noticed by Seechi (Fig 3,ll)3the chromosphere is not a homogeneous 
Isiyer but appear as a melange of innumerable bright, pointed jets 
or flames, these are known as spicules. Many individual spicules 
rise from the lower chromosphere at a radial speed of about £[•") 
Km/sec up to heights of about 10,000 Km and disappear in a few 
minutes. Each spicule has a thickness of 500 to £000 Km. They 
appear all around the sun and show systematic inclinations mostly 
towards the solar equator. From their spectra, it appears that 
o o 
the spicules ars cool formation (T~ 10,000 K to 40,000 K) embeded 
in the corona (T '^  lU K). Observations shows that a typical 
spicule first appears as a barely detectable lump in tltr? low 
chv^omosphere. It then rapidly elongates upwards and increaxses in 
brightness, reaching its maximum height within a minute or two of 
its initial appearence (Roberts 1945). Subsequently, the spicule 
may either fade from visibility while remaining stationary or else 
appear to descent back to the low chromosphere with a velocity 
comparable to that of its initial ascent (Rush and Roberts, 1954, 
Lippincott 1957). The interval between the first appearence of a 
spicule and its final disappearence is taken as the observed 
life time of the spicule. Several determinations have been 
made, the result of which are summarized in Table-4 
! 
^ I 
i ; 
n 
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Fig.3.11. A simple view of spicules notice by scschi. 
Table-A 90 
preference 
I •• i 
Robert s~ "(19 4 BT 
Dizer (1952) 
Rush and Roberts (1954) 
Lippincott (1957) 
ftlissandrakis and Maoris 
(1971) 
Overage life time of spicule 
(rn i n) 
4-5 
i, 1 
When seen in Horand K lines near llrnb of the chromosphere 
some tarigth regions are also observed, these are known as 
chromospheric faculae or plages, their life time is longer thavr 
that of the photospheric faculae. In H^ ^ , the faculae appear 
bright dots of diameter between 1000 to £000 km, scattered a I 1. 
over the regions. When the seeing is good and spectroheliograph 
have suffcient resolution, the chromospheric hydrogen and calcium 
faculae show a granular structure. Fig (3.1;=:) shows a calcium 
spectrohel iogram. There is a close resemblance between theses 
chromospheric granules and the facular granules in white light 
observed on the limb, this seem by comparing (Fig, 3. !£' and 3-1.3), 
The resemblence suggests that the chromospheric granules are thr: 
vev^tical exntension on the facular granules observed in white 
liqht. 
3^ .4 CORONOir 
|, Beyond the chromosphere, there is a vast region greatly 
extended faint halow of very low density, containing tenuous gas 
!; 60 o 
at very high temprature "^  10 K known as corona. The corona is 
i: 
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not static but is continuously expanding under its own pressuvM:' 
qv^adient against the solar gravity into the vacuum space. ilif 
resultaxnt flow, known as solar wind, reaches the? earth with a 
supersonic velocity ~ 400 Km/sec. When the Moon's disc 
completely covers that of the sun i.e. at total solar eel ipse-it 
is possible to see, outside the chromosphere, another envelope of 
considerable extent, whose brightness distribution is related in a 
particular manner to the sun it-self. This outer envelope is 
called the 'corona': since it is clearly of great importance to 
determine the form and physical characteristics of this outermost 
envelope of the sun's atmosphere, attempts have been made to 
ohsev^ve it not only during the brief moments of eclipses, but also 
by direct and indirect methods in full sunlight. Compared with 
the photosphere, however, the corona is extremely faint; its inner 
regions are no brighter than the surface of the full moon, which 
600,000 times fainter than that of the sun. fi simple view of 
inner corona and stv^ucture around a prominence is showin (Fii] 
3. 14). The corona's upper boundary cannot be readily defined. In 
fi^ ct the solar corona extends into interplanetary space beyorid the 
earth's orbit. The average electron density distribution varies 
greatly from one place to another, because in the pihotosphere arid 
chromosphere below there exist active regions which chang*.? 
I 
according to solar activity cycle. 
Newkirk (1961) showed that the average electron density with 
height is about two times higher for regions above active 
1: 
regions, than fov^  the regions above the quite photosphere. It 
was soon noticed, as a result of both visual and photographic 
obs€?v^vatons, that the form of the corona is closely related to tht? 
94 
H 95 
pliasE? of ll-year cycle of solar activity at which eclipse occurs. 
fit times of max irnum spot activity the corona is sensibly circular^. 
O schematic rep)resentat ion of the corona at sunspot maximum and 
s us pot minimum are shown in Fig (3.15 and 3.16). The coronrTl. 
structure and its phase of solar activity cycle seems to be 
closely connected to the change of solar magnetic field with time.. 
Corovia emits both continuous spectrum and discreate emission 
f! • 
lines. The former constitute the so called 'white cov'oriB'' and may 
be separated into K and F components.The K~ corona mainly consists 
of the continuum and faint Fraunhofer lines. The K corona is 
actually a part of the sun, since it is produced by fror-
electrons, which scatter the light from the photosphere, and is 
i i 
t ; 
often defined as true - corona or 'electron corona'. The F-cororia 
consists of Fraunhofer lines. This component is not a part of 
the true corona, but is actually produced by tiny dust particles 
drawn towards the sun and diffract the sun light falling ori them. 
In the vicinity of the sun, these dust particles from a halo that 
merges with the true corona. Several emission lines from tin 
corona were observed. There ax''B several strong lines in thr^ 
visible spectrum. fimong them the line of wave lengtli 5303 0 i r 
known as 'green line' and is one of the coronal actively indicfr><-,. 
o 
The o t h e r s t r o n g l i n e s o f w a v e l e n g t h 6374 fi i s known as t l i e 'rMjiJ 
i-
1ine'. The emission line component is called E - corona. 
Analysis of the relative intensities and width of the coronal 
emission lines indicates that the temprature in the corona range 
ffom just under a million degree to more than two million degrees-
kelvin. The temprature of the lower coroina is about one milliovi 
96 
Fig,3.15- A simple viev/ of Corona ner-r 
sunspot minimum. 
97 
i-
Fig.3,-16 A simple view of Corona neor-^nirspot 
maximum. 
^ 98 
deciree kelvin ov" more, inspite of low ternprat urej of' the 
photosphere. With such a ternprature inversion, this strucbure is 
necessarily unstable. It is thought, however,that the heat source 
for the maintenance of the coronal ternprature is in hydrogen 
covect ion >:one. Wave generation of various models in this ;:one 
I. . 
is the source of heating of corona, they are hydrornagnet ic 
waves,acoustic waves and gravity waves. The various phenomena 
which occur in the different layers of the sun are given in table 
TABLE - 5 
Sun's layer phenomena occur 
10. Photosphere 
I 
I r 
I p 
I ;: 
I ' 
IB. Chromosphere 
I P 
I 
C. Corona 
a. Sunspot 
b. granules 
c. Faculae 
d. Super granulation 
e. 5 minute osc i11 at i on 
a. Flares 
b. Prominences 
c. Spicules 
d. Chromospher i c granu1es 
a. Solar wind 
b. Coronal holes. 
3._5 SUN SPOI AND ITS Q C T W L I Y L 
1: The sun's surface is not smooth and featureless. There are 
darker patches known as sunspots, which have been observed 
systematically for several hundred years, although they have been 
known to exist and have been seen occasionally for thousands of 
years, particularly by Chinese and Japanese astronomers. Thei-'e are 
darker patches known as sunspots, which are temporary, but whicli 
may become immensly large. Large sunspots sometimes appear bliat 
are visible to the neked eye, especially when the sun's glare has 
99 
been dimmed near sunrise or sunset. With a small telescope, llip 
easiest way to observe sunspot is to project the image on n 
screen. The temprature of the bright surface, or photospliev^e, is 
0 0 
about bUUU K, an average sunspot is i=.'UOO K lower, that is why tfn? 
spot seems dark. The sunspots are produced on photospjherp as a 
result of very intense magnetic field (thousand of guass). The 
birth and typical development of a spot, as discovered by 
observation, may be described as follows. 
Two large spots are in general formed from single pores or 
small spots. Eioth the duration and the sizes of sunspots vary 
between wide limits. Sometimes the whole sequence of event is 
unfolded in a few days, often, however, it lasts for moviths, 
occupying several successive solar rotations. The sunspot groups 
are the most easily visible feature of solar activity. 
^ The sunspots are generally confined to the latitudirial zones 
o o 
between 5 and AO either side of the solar equator. They vary m 
size from approximately 50,000 Km in diameter down to what is 
barely possible to resolve by the best optical instruments. 
It has long been known that sunspots generally come in pairs 
with a leading spot and a trailing spot. Observations of their 
magnetic fields revealed that the two spots in a pair havf? 
opposite polarities, that is, if the leading spot was a north 
magnetic pole, the trailing spot would be south magnetic pole, and 
vice-versa. Furthermore, the polarities in the northei-^n and 
southev^n hemisphere are reversed (Fig 3.17). ftfter the ll~year 
cycle new spots in each hemisphere have the opposite polarities 
from tlie previous cycle. If this reversal in magnetic polarities 
100 
Fig,3.17. Sunspot p o l a r i t i e s in the Northern and Southern 
hemisphere.(a) Notice tha t the p o l a r i t i e s of the 
i: leading and t r a i l i n g spot are reversed in the 
Northern and Southern heraispheres(b) Eleven jrears 
l a t e r , the p o l a r i t i e s in each hemisphere are 
reversed, compared to the ( a ) . 
5 1 0 1 
is counted, the actual Bunspot cycle averages £'£--years in lengMi 
rather than ll~year and it is known as iE:£-year magnetic cycle of 
sun. 
fl simple view of solar granulation, pores and small spots i? 
shown in (Fig 3.18). Bunspots are born in the growing plage 
regions on the sun. At first a localized magnetic field appear;:; 
somewhere in the plage region and afterwards a sunspot is fovMoed. 
In general, sunspots start out as pores, which are small regions 
much darker than surrounding,and often do not develop further, but 
die away aftev- hours or days. The field strength in such pores 
is "" too gauss. Sometimes the magnetic field strength ivicrcase 
significantly beyond this value and a full fledged sunspot group 
dBV6?lop. The sunspots are concentrated in preceding (west) and 
following (East) ends of the group. The preceding spot usually 
apper before the following one. The magnetic field has different 
polarity in the spots belonging to the preceding and to the? 
following ends, so we get a bipolar group. It is well established 
that most sunspots appear as bipolar. Almost all structural 
components of a spot or a spot group May be observed in (Fiq 
3. 19),which shows the large spots group of may 17, 1951. 
0 fully developed sunspots consists of central dav^ k ' urn bra' 
through which most of the magnetic field is channeled and the> lesr-
dark "penumbra'. Such darkeness means that the temprature of tho^  
sunspot umbra region is lower than that of the surrouvicl :i nii 
o . 
photospheric region (by "" 1600 K). 
The magnetic field strength has the maximum value near the 
centre of the spot or where the spot is darkest i.e. in the core 
102 
S3? i^fV#S5 
Fic.?.18. /^  Simple viev/ of solnr ersnulption, 
porec and small spots. 
iu6 
( ; 
E ; 
I 
i ' 
r. 
Fig. 3'«19 struc'.ural components 
of the IfrgG spots groux^ o: 
Mny 17,1951. 
I; 1 0 4 
of the urnhr-.:-.. The strength of the magnetic field is about 1000 
5000 gauss* for well developed sunspots. The fully developed 
sunspot rnay exist for days, weeks or months, but eventually it 
break';; up or decreases in size as the magnetic field d(M:-rea':i':"; an*! 
diffuses. The field strength of a spot is found to be depe:ond oii 
its maximum area. It is of the order of 100 gauss in the smallest 
measurable spot, while in large spot it approaches 4000 gauss. 
; 0 sunspot group is generally born in the form of a pair~ of 
two main sunspots which appear along almost the same latitude ovi 
the sun. This group is called a bipolar group. The preceding and 
following sunspots are, in general- called p and f spots. There 
are several types of sunspots groups (Fig 3.c.'0). 
(a) Unipiolar group ( o^ - type) 
(b) Bipolar group ( p - type) 
(c) Complex group ( y - type) 
Jal JJNiPOLAR GROUPi 
are single spots or groups of spots having the same magnetic 
polarity. 
Lkl ilBOLfiR GROUPi. I 
In their simplest form consist of two spots of opposite 
polarity. 
iel COMPLEX GROUPi 
Includes spots of both polarities. 
This classification is also shown by fig (3.21). 
I R typical sunspot group known as ^ - type,is important in 
relation to the occurrence of solar flares which produce such 
high energy particles as solar cosmic rays and eelectrov. 
i - • -
10 5 
Unipolar spots (a). Multipolar spots (y). 
Fig,3.20 ,A simple view of sunspot groups, 
c< » p and Y types. 
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Fig. 3.21.Clessificption of sunspot groups, 
o(,p end Y-types. 
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resporis J. ble? for the emission of type IV radio buf^sts. flnotlier 
claBsi f icat ion of the sunspot groups, according to phases of tlieir 
growth at different periods, is known as 'Zurich classi f icat :i on 
sunspot group (P-J) ' Fig (3.£'£)-
3._5._1. SOLQR QCIWIIY CYCLEL 
r The relative sunspot number on the solar disk changes frorii 
day to day and from year to year. In order to E^ xpi'ess tlri-; 
relative number, we consider the Wolf number, which is o?pr>.^ <;v:;rd 
by 
R - Ks (lOg + f) ( 3 - 1 ) 
when g ~ the number of sunspot groups 
f = the number of individual sunspots. 
R = Wolf number 
and K is (seeing correaction factor) and is adjusted by 'Zuricli 
observatory'. The yearly mean of this Uolf number shovjs a 
cyclic variation of about 11-years. This period is defined B.S 
'solar cycle?' or "solar activity cycle' Fig (3. £3). 
When we consider the change? of magnetic polar:itv 
distribution pattern for the sunspot magnetic fields, the per-iod 
of solar cycle? becomes Sc'-year. 
3j,5._2 CENJRE OF fiCIiyiJY .: 
Many active phenomena such as sunspots, solar flares and 
prominences,are produced in restricted areas of solar surface. 
1he effect of these £jre?as in the generation of sunspots avid 
related phenomena is stable for st?veral solar rorations- In 
association with the development of sunspot groups, faculae, 
plage, solar flares, prominences and other phenomena arc? producKd 
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in tfiGGe av^eas. Such areas are callcBcJ 'centre of activity". 
I-ii] (3, c'A) shows the development of simplified drawings. The life 
tiiae and size; of "centre of activity" may vary, but they donot 
shov'j a systematic variation during the solar cycle. The phenonieiria 
involved a.y-'e sunspots, faculae, chromospheric flares, structure of 
clrroiiiospitere, filaments or prominances etc. The variation of 
centre of activity from 1 tiD £70 days (10 rotations) is shown in 
I 
Fin '''^'- £''i > • . ' 
3._6 SOLQR FLfiRESi.-
The solar flare is the most spectacular phenomena of the 
solar atmosphere. Fundamentally, a flare is a sudden release of 
eKcess energy in the chromospheric levels of the solar atmosphere. 
Durivig the solar flares, vast amount of matter and energy (i.e. 10 
- 10 ergs) is released in relatively short period. Optically, it 
is manifested by a sudden increase in the brightness of the lU -
radiation. Flares gt^nerally tend to occur in active vnniovi", 
wiiere tlie magnetic fields ars strong complex and a highly stresicd 
and unstable configuration. The number of solar flare is lav^ tifn' 
during solar maximum as compared to that in solar miviimudi. 
Schematic illustration of the active sun, showing flare, plages, 
filaments, sunspots, prominonces, chromosphere, and corona is 
given in Fig (3.£5). Occassionally, a region near a sunspot 
suddenly becomes very much brightev^ than usual such a region is 
called a solar flare. During a periods of high solar activity, as 
many as five to 10 flares may be seen in one day. When a flare 
occur near the edge of solar disc, it is a jet of gas rising 
upward several thousand kilometers with very high speeds. The 
I' 
1^ 0 
!t 
Fig. 3•24, A simple viev/ of simplified 
drnv/ings and the variation of 
Centre of rctivity from 1 to -270 
days do rotations). 
t; 
I l l 
^^(p^..fMj^^i^k3^:,:L^S^^ 
^ill, 3.25 Schematic illustration of the 
Gctive sun, chov/ing f lores, pi ages, 
Filaments, Sunspots, prominences, 
chromosphere ."nd Cgrona. 
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duratiori of the flare is very small, often about an hour, s»^^iMar^ 
flares are phenomena in the plage regions apprently closely 
associated with sunspots. In a few cases flare have been observed 
5 
at a distance more than 10 Km fv^ om a sunspot. 0 flavc CrUi l"-
chracteri ;jed as a sudden short lived brightning of the solar 
surface, in v^are instances flare can be observed in white light, 
but ordinarily they are undetectable? except in moriochromai; ic 
light. The flare produce BYX emission spectrum cont;^ininr:| thf:.' 
Ba liner lines of hydrogen, the B.rc spectrum of helium, and lines of 
B i n g 1 y i on i 2 ed ca 1 c i urn and i r on as well as the lines be 1 ovi g i n g to 
the spectra of other elements. Bolar flare have become a matter of 
current interest, also in fields, other than solar physics, 
because of their many dynamic effects upon the earth's magnetic 
field, its atmosphere and upon the physical cond i t ioris of itiv 
!? ri v i r o r\ — m e n t and life. 
0 chromospheric flare is a short lived, sudden increase of 
intensity in the "^YXy^ii neighborhood of sunspots. It is best 
observed in Ho^ . 0 flare is a burst of light rather than a burst of 
matter. Flav^es are not rare, in periods of great activity as many 
as 300 occur per rotation or 0.5 flare/hour (Dodson anci 
Hedeman,194S). Flares emit at radio frequencies and may affect 
the solar component of cosmic rays. 
3^ .6^ 1 CLflSSiFICflJigN OF FLARES ±z 
Flares are divided into a classes of importance 1,1,2,3,3 
according to area and brightness. The area is easier to measure, 
because it does not change as rapidly as brightness. Small flares 
have the aspect of simple circular patches without any kind of 
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nti'uci; i-.u-e Intense flares reveal an intricate pattern 
4 5 
f:i. laments extendinci over 10 to 10 Km. Recording to their areas 
f I a r B "'. .ruTB classified BB being o f importance 1, £ a vtd 3 i i-r o r ci e)' ci i" 
increasing sine. These original classes of importance have been 
!?xte>nded by addition of importance 1, covering so called! E-ub 
+ 
flares or microflares, and importance 3 indicating very big and 
intense flare producing remarkable terrestrial effects. Ttie flare 
-6 
area, are usually given in 10 parts of the solar disc. Thf? 
importance of a flare being estimated by visual observations in 
some instances and from spectroscopical analysis in others. In tiir 
later case the flare size is determined through the width of the 
Ho^  line. In case of an intense flare the line width can grow from 
o o 
£ fl at the start to £0 fl at peak intensity. The mariner^  o; 
estimating importances is exemplified in table (6). 
Table - 6 
Importance 
-Ci, 
Rt-ea in 10 of 
visible solar 
disk 
< 100 
100-£50 
£50-600 
600-1£00 
< 1£00 
width at max 
of QHo< -^line 
in fi 
1.5 
3. 0 
4.5 
B 
Fiange of 
dura t ion in 
(m i n) 
4 - 4 3 
10 -90 
£0 -155 
50 -430 
The flare are also associated with two types of shock wave:; 
(blast waves and d,riven shocks) in the interplanetary space win.r?h 
have direct effects on sudden commencements (SO of geomagnetic 
storms and Forbush decreases in cosmic ray intensity. The 
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position of the occurence of flares are defined by bin-
heliographic latitude and longitude of their apparent centrr., i !• • ' 
of- the flares have occured on the western hemisphere of I;!:!' ••-•'•-• 
and almost all the identified flares have occured on the noi ihr?! : 
hemi "f:)liere. 
JJLZ SOLfiR UIND ±-
Due to the high temprature of solar corona, beyond a certain 
range, the velocity of the particles is so large that it exceed':; 
the velocity required to escape from the solar gv^avitat ional field 
and consequently there is a continuous out ward flow (ov 
expansion)of coronal gas in all directions, this flow has been 
termed the solar wind. The solar wind consists of about 95;-
protons, 4.5"/. alpha particles and; 0.5'/!. other positive ions with, 
thteir associated electrons. The rate of expansion startts frohi 
very low velocities beneath the corona. The solar wind velocity 
increases steadily outward, surpassing the sonic speed at a radial 
distance of a few solar radii by De Laval nozzle action arisiriy 
from the solar gravitational force (Parker 1963, 1965, DesslRr. 
1967). fit a distance of about 50 - 100 fiU, where the solar wivuJ 
kinetic energy becomes almost comparable to that of interstellar 
magnetic pressure, the wind will effectively stop. The solar wind 
7 -£ -1 9 
ion flux hias been observed to range from 3x 10 cm sec to 3x10 
-£ -1 
cm sec and perhaps higher. The bulk speed of the solar wivid 
-1 -1 
ranges from as low as £50 Km sec up to 1000 Km sec , with typical 
-1 
quiet period wind speeds ranging between 300 to 350 Km sec .1 Thr? 
-3 -3 
number density ranges from about 1 cm to IS cm with s^ri ave^ragi? 
-3" 
value of 5 cm . The solar wind bulk speed and density are 
abruptly affected by the interplanetary shocks following solav 
flares. The solar wind measurements by pioneer 10 and U a\ the 
orbit of the Jupiter (~ 4.0 ftU) has given the velocity of solar 
wind "" 4£0 Km/sec and density "^ O, 5 particles/ cm and a proton 
temprature ~ 5x10 K. These results ars in good agreement witli 
the steady - state model of solar wind. ft number of comprehensive 
reviews dealing with experimental and theoretical models of solar 
wind are available in literature (Dessler,1967, Oxford, 1968, 
Hundhaussen, 1968, 1970, 197£, Parker, 1969, 1971, Burlaga 1971, 
Dobrowolny and Moreno, 1976). From the experimental observat i>::in-
it has been estabalished that the proton and electron density atnJ 
velocity in a solar wind plasma are almost equal witliin thr-' 
ei^ rov^ s of measurement. However, the thermal properti6?s such a-
temprature and thermal anisotropy of electrons and protons as 
given in table - (7), differ from each other indicating that 
collisions are much less dominant in solar wind and that it 
behaves as a two fluid plasma under quiet conditions. The proton 
temprature which is about 5x10 K is only about one third of 
electron temprature, whereas it is almost twice as anisotropic as 
electrons. 
IXB 
B.N. I Pav^ameter 
7. 
a. 
9. 
proton and electron 
density 
Velocity 
Proton-temprat ure 
fi 1 ect ron-t emprat ure 
F^atio of helium to 
liydrogen 
Magnetic field 
fllfyen velocity 
r'rot ovi qyrorad i us 
(Km) 
Debye length(meters 
Table (7) 
Maximum 
80 
lOOOKm/sec. 
5 o 
5x10 K 
5 o 
2x10 K 
0. £0 
40 
150Km/sec. 
80 
8 
minimum 
0.4 
£00Km/5ec 
4 o 
3x10 K 
4 o 
1x10 K 
0. 01 
0.S5 
30Km/sec. 
75 
7 
Piverage 
400-500Krn/5f?c. I 
5 o i 
4x10 K ! 
5 o I 
1K1 0 K 1 
0- Ol 
6 
70Km/Bec 
78 
10 
I 
Snyder et al. (1963) have established a strong correlation 
between geomagnetic index Kp and solar wind velocity 
V (Km/sec) = 8. 44 5:Kp + 330 + (3-2). 
Although there was no strong correlatidn between plasma 
velocity and overall activity as detev^mined by sunspot number arid 
10,7 cm flux. The solar wind velocity showed a very stv^ong £7 
day recurrent tendency and close association with M~region stormv-, 
indicating that M-regions are emitters of high velocity plasma. 
The coronal holes have recently been shown to be associated with 
these M-regions on sun and the emitter of high speed solar wind 
streams (Krieger et al. 1973, 1974, Nolte et al. 1976, Sheeley, 
1976). The bulk velocity of the solar wind is mostly radial in 
tlie orbital plane of the earth. Using the comet tail observation'.: 
Brandt and Heise (1970) obtained a radial velocity of '^  450 
1 1 f-l 1 / 
Km/sec. fl correlation given by (3 - 2) is slightly different 
obtained from the observation of IMP-1 (Pai et al. 1967). 
V (Krn/sec) = 6.63 SLKp + £6£ (3-3) 
The difference a probably due to the fact that geomagnetic 
activity may be dependent on various other factors which may vary 
with solar cycle. 
There are several established variations in solar wind 
structure in association with the 11-year solar activity cycle 
(Gosling et al.l976). Intriligator (1975) found the frequency of 
hii}h spjeed stv^eams and their duration VAry over the solar cycle. 
The coronal green line intensity has been found to be better index 
of solar plasma emission. The asymmetric distribution of green 
line intensity would suggest that the emission of solar plasma is 
not uniform with respect to heliographic latitude (Demison and 
Hewish,1967). Further observations indicate (Coles et al. 1974) 
that the solar wind speed tends to be higher and more variable at 
high solar latitudes. 
Our sun influences and shapes the region of the 
intev^planetary medium, known as the heliosphere, the physical 
conditions within this space are under the influence of the sun. 
Ihe solar regime and its evolution as a function of space and time 
IS of importance in understanding the modulation of cosmic rays. 
The important questions that still occupies cosmic ray physisists 
is how for into the interstellar medium does the solar influence 
extend ? Equivalently, where does the heliospheric boundary lie ? 
Guesses have been many and in the course of time, the boundary has 
been shifted farther and farther from the sun. Currently, 
118 
eatirnatiBS put this boundary at about 100-150 flU, infact it could 
be much less than this. 
The solar wind blows out beyond the orbit of Neptune, but 
eventually both the wind and the interplanetary magnetic field 
are halted by the small pressure enerted by interotwllar gas and 
an interstellf»r magnetic field. The boundary of the solar 
"magnetic bubble" is known as helio-pause and the region within 
which the solar field dominates over the interstellar field is the 
heliosphere <Fig 3.£6). The solar system moves through the 
interstellar gases at a speed of about £0 kilometers per second, 
so thev^ e is an "interstellar wind" apparently blowing past the 
heliosphere and distorting it into a teardrop shape. Since the 
heliosphere is 'inflated' by the solar wind and the wind strength 
varies with the solar cycle, the heliosphere is believed to expand 
and contract with the solar cycle, and to "wobble" in extent as a 
result of individual major solar storms. The heliosphere partly 
shields the inner solar system from cosmic rays, high speed atomic 
nuclei approaching from the depths of space and the extent to 
which these penetrate the inner system and reach planets such as 
earth also varies in line with solar cycle. 
The solar wind extend far into space, forming a 
heliosphere' within the surrounding interstellar medium, which a 
vast sea of plasma activity perhaps several hundred astronomical 
unit across. It is filled with fast and slow streams of solar 
wind, interecting violently to produce shocks and fast particles, 
and is swept constantly by blast waves from solai—flares. 
Interect ion of this plasma with planetory magnetospheres produces 
planetary magnetic storms and radiation belts and accelerates 
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CHftPTER-IV 
LONG rIERM VftRieTION OF COSHiC RAY LNIEhlSlIY mO U S RELeilQNSHIP 
WITH SOLQR QQIIVlimS BUBLWi BIFFEBENI SOt,QR CYCLES 
ft._0 INIRQDUCIION: 
The galactic cosmic radiation is considered isotropic 
outside the heliosphere (within solar system). The continuous 
outward flow of solar wind, shocks, and frosen-in-magnetic field 
produces time variations of cosmic ray intensity of different 
periodicities - SSyears, 11-years, 27-days, S4hours and l£-hour5. 
I 
More recently the variation of cosmic rays has been studied 
using detectors of slow neutrons at sea level and at 
mountain altitudes (Dorman, 1963). Instruments borne on balloons 
and satellites are therefore being used to detect directly the low 
(J. 
energy radiation and determine their secular variation (Webber, 
1967). The systematic study of the time variations of 
relativistic cosmic rays started almost about 50 years ago using 
ground based detectors. The ground based observations and "in-
situ" space observations of cosmic ray intensity and its 
anisotropies and their relationship with other interplanetary 
parameters provide the base to understand the variational 
characteristics of the cosmic ray intensity. Variability is a 
basic property of galactic cosmic ray which are observed in the 
heliosphere. Temporal changes are observed on all time scales 
that have been studied and at all distances that have been 
explored (Burlaga, L.F, 1983). The aim of the modulation research 
at present is to indentify the detailed physical mechanisms that 
are responsible for the modulation. 
The cosmic ray variations recorded by the earth based 
detectors actually refer to the secondary cosmic rays which arB 
produced by the the interaction of the primary cosmic rays with 
the air nuclei (mainly C, N and 0) in the earth's atmosphere. 
Before entering into the earth's atmosphere, cosmic rays pass 
through the earth's geo-magnetic field and hence the earth (or 
ground) based data is first corrected for the geomagnetic and 
atmospheric effects to get the variational characteristics of the 
cosmic rays in the interplanetary space. 
The sun modulates galactic cosmic rays with energies below a 
few hunwdred GeV as they pass through the large-scale turbulent 
and expanding magnetic fields in the solar wind. Modulation 
studies play two important goles in cosmic ray physics : 
(i) Discovery and interpretation of the ways a complex but 
common type of astrophysical plasma, the solar wind, affects 
cosmic rays. 
(ii) Determining the rules for 'demodulating' cosmic ray 
measurements made in the inner solar systems to local interstellar 
values. The magnetic fields in the solar wind are variable on all 
time and spatial scales, and produce correlated variations in 
cosmic ray flux on all scales. The most prominent periods 
ofcourse av^ e the 11-year period of solar activity, the £7-day 
period of solar rotation, and the ££-year solav* magnetic polarity 
cycle (Forman, M.fi., 1987). 
Now the cosmic ray modulation is an experimental fact, but 
we do not yet understand exactly how and where this modulation 
occuY^B. To solve this riddle, the long-term cosmic ray intensity 
variations (££~years/11-years) have been studied, both 
theoretically and experimentally along with Forbush decreases and 
other solar controlled parameters that effect the interplanetary 
medium. For this purpose, it is essential to study the 
behavior/nature of the long-term variations of cosmic ray 
intensity during different solar activity cycles and observe the 
significant changes from one cycle to another, which might be 
related in some way or the other to the conditions in the 
interplanetary space. The anticorrelation between sunspot number 
and cosmic ray intensity was first shown by Forbush(1954). Since 
than a number of studies have been done in order to study this 
anticorrelation but none of them are able to explain all the 
observed features (for detail see a recent review by Venkatesan 
and Budruddin, 1989). For this purpose a number of solai— 
interplanetary parameters have been utilized by different workers 
as representatives of solar activity. Nagashima and Morishita 
<19a0) used sunspot number to study the long-term variations in 
cosmic ray intensity. While Bowe and Hatton (196c:) and Hatton 
(1980) used solar flare number as representatives of solar 
act ivity. 
Lockwood and Webber (1984) were able to reproduce long term 
modulation by considering number of large () 3"/.) Forbush decreases 
observed during solar activity cycles. In yet another recent 
study Okasofu et al. (1985 ) have made a detailed study of long 
term variation by considering a number of parameters representing 
the solar activity index. 
1 9 7 
Since the cosrnic ray modulation is produced by the solaY" 
magnetic fields which are carried out, into the interplanetav^y 
space, by the solar wind and hence the nature of the long-term 
modulation of cosmic ray intensity is expected to depend upon the 
polarity of the solar poloidal magnetic fields also in addition to 
the sunspot and other solar activities. It has been recognised 
that the modulation characteristics are quite different from one 
solar sunspot cycle to another. 
The present chapter deals with the study of * ££'-year and 11-
year variations of cosmic ray intensity based on the data of 
neutron monitors situated at different latitudes on the surface of 
the earth (Deep River, /\ = 6^•ltJ°^J Rc= l-OlCiV, Alert,/^ = 82.-So'bl, Rc^ 
0-odnV) . The stress has been put on the data recorded by Deep-River 
neutron monitor whose data has been analysed alongwith , othei^ 
stations. Characteristics of the 2£-year and ll-yeat- variations 
have been studied and their relationship have also been studied 
with other solar parameters directly or indirectly contv^olled by 
the sun. 
/I 
lt-1 BVERQGE IIME PgOFILE OF LONG TERM VORKLIONS : 
To study the 11-year and ££-year variations of cosmic ray 
intensity, we have plotted the annual average values of the 
pressure corrected neutron monitor data from 195A to 1987 which 
includes solar sunspot cycle 19, £0 and £1 (Fig 4.0). The purpose 
of this plot is to identify the differences in the nature of the 
cosmic ray intensity variations from one solar cycle to another 
(i.e. cycle 19,£0,and £1), particularly in the average time 
profile and to point out the similarities in the time profile of 
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coBmic ray intensity and the magnitude of the variations recorded 
by different stations plotted in Fig 4.0. 
The average behavior of the cosmic ray intensity was also 
studied, using the data of Deep-River neutron monitor, in two 
different solar cycle (£0 and £1), on the quiet and disturbed day-
and oYt days with Forbush decreases and without Forbush dRcreafic 
(Fig 4. 1). 
Fig (4,2) shows that the 11-year modulation of cosmic r-fiy; 
is in anticorrelation with the 11-year solar sunspot activity 
cycle. Though it is a established fact <Webber,W.R and Lockwood, 
J.R., 1988, Forbush, 1954), but its origin is still not fully 
understood. It was observed that minimum (or maximum) of cosmic 
ray intensity occurs after every 11-year, but the time profile of 
the variations of cosmic ray intensity is significantly different 
from one solar cycle to another as shown in Fig 4.0. Such results 
were observed on other latitudes and during different types of 
days also (Fig 4.0 and 4.1): 
In Fig (4.0), we have plotted the yearly average of the 
pressure corrected data of Deep-River neutron monitor from 1954 to 
1987. The counting has ben arbitrairily normalized to 100 for 
year 1965, at the time of maximum cosmic ray intensity associated 
with the 1965, the year of solar activity minimum. 
Several new features of the individual 11-year solar 
modulation cycles are discussed here. Which illustrate the 
importance of a well known 11-year modulation cycle and ££-year 
modulation cycle as well. 
First, there are sharply peaked maxima of cosmic ray 
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Fig. 4.1. Average time profile of long-term variation on 
different types of driys- (a) onquiet days (b) on dir.turbed 
days (c) on Eorbush decrease days (d) v;ithout Forbush 
decrease days. 
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Fig. 4.2. A plot of annual mean of cosmic ray intensity over 
the period 1954-87 (includes solar sunspot cycle 19,20 
and 21) alona with the annual mean of sunspot numb^ r^ 
(Rz.). 
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intensity in 1987 (cycle £1) similar to that observed ££-yeav>s 
earlier in 1965 (cycle 19) in contrast to the flatter maxima 
noted during (197S-77) cycle £0 and earlier in (195£-54) cycle 18 
after ££ years, as reported by (Webber, W.R. and Lockwood, J.ft. 
1988, Cooper, J. F. and Simpson, J. PI. , 1979) Fig (A. 3). 
It is also observed that neutron monitor intensity is "^  
1.8774 higher at the time of 1987 and 1965 maKima as compared to 
the flat maxima of (197£-77) period, thus the systematic 
diffev^ences in the overall shape of successive 11-year modulation 
cycles and similarities in the shape of alternate' 11-year cycles 
Sire noted. These observations indicate that there is a BB-ysar 
modulation cycle in cosmic ray intensity, which is related •^ o the 
£e-year solar magnetic cycle due to the polarity reversal. Thus 
the profile of cosmic ray intensity variation is significantly 
different in even and odd cycles. 
The data plotted in (Figure 4.0) also reveals that the 
cosmic ray intensity recovers very slowly (in 6'^' 7 years) during 
the odd solar cycle ( cycle 19 and £1). While the recovery takes 
place fast (in about £ years) for the even solar cycle £0. The 
slow recovery during odd cycle 19 and fast recovery during even 
cycle £0, is further emphasized in (Fig 4.1). 
Figure (4.0) also reveals that the magnitude of the C. R. 
modulation is large during odd solar cycles 19 and £1, than the 
even solar cycle SO (Table -1). The magnitude of the C.R. 
modulation is calculated by the formula givin as-
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TBBLE-l 
Station 
DEEP- RIVER 
flUERT 
Paraietars 
i. Magnitude of 
C.R. Bodulation 
2.AR 
3. Slope 
4. XT 
1. Cosnic ray 
Modulation 
2. R 
3. Slope 
A. "GT 
Cycle 19 
Decreasing Increasing 
phase phase 
22.1K 17. nit 
179 
tan = 1 . 6 tan = 1.45 
0 0 
=57.99 =55.40 
Cycle 20 Cycle 21 
Decreasing Increasing I Decreasing Increasing 
phase phase I phase phase 
1 
10.97)« 10.75* 15.30Ji 15.B5;C 
- - % 
I 
I 142-
I 
tan = 1.21 tan = 1.2 I tan = 1.6 tan = 1.38 
0 Ol 0 0 
=50.43 =50.19 I =57.99 =54.07 
* ( X ^-eojv} ) I " ( IT y - 5 ^ 4 ) . 
14.53% 11.78% 
-% 
I 
i 14.64% 
I 
13.22% 
-142-
tan = 1.57 tan = 2.0 I tan = 1.2 tan = 1.06 
0 oi 0 0 
=57.50 tan =63.43 I =50.30 =46.19 
I 
•* ( 2 t b 3^/^<W) I - (5" bb fi"!Jiflyd) 
A R = CHflNGE IN SUN SPOT NUHBER 
T ^ RECOVERY TIHE 
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IrnaK - Irn.in 
magnitude of C. R. modulation (54) = x 100 (4-1) 
/1max + Imin \ 
Where, Imax = the maximum cosmic ray intensity 
Imin = the minimum cosmic ray intensity 
Such an odd-even solar cycle asymmetry related to solar 
poloidal field reversal and the defference in the solar magnetic 
field cofiguration known as closed heliomagnetosphere and open 
heliomagnetosphere, Fig A. 4 (Rhluwalia, 1979). The long recovery 
I 
time during odd solar cycle, when the magnetic field configuration 
is a closed heliomagnetosphere indicate that the long recovery is 
by diffusion where as fast revovery during even solar cycles 
(cycles £0), when the configuration is open heliomagnetosphere (or 
open heliosphere), indicate the direct access to cosmic rays, in 
the interstellar space (Fig 4.3). This even-odd solar cycle 
asymmetry indicate that the concept of spherical symmetry is 
not valid (Nagashima and Morishita, 1980 b). The results discussed 
here are summarized in the (Table-S). 
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GAlACT!Cr^> 
WIND 
/- A A 
•' 1 I 
(a) CLOSE:?) }ifUO'^f-V-':\^: 
A A A A 
I V-J 
(b) OPEN HELlOSP|!f:n': 
:. 4.'i (AhluvMlia,1979) (a) and (b) A nclieiii t i c v i ' ; 
oC r .o l i r ini-'netic f i e l d con£icur-.\tion :.'3 do:'-^.. ^J'J 
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station Type of days Parameters 
1 CYCLE -20 CYCLE - 21 
1 DeacresirKj 
phase 
Increasing 
phase 1 
Deacreasing 
phase 
Increasing 
phase 
DEEP 1 
RIVER 
On quiet days Magnitude of C.R. 
modulation 
10.7« 10.74* 1 13.70* 14.22* 
A.R 1 76 - 130 
Slope 1 tan = 1.07 tan = 1.07 tan = .975 tan = 1.2 
0 
1 =46.94 
0 
=46.94 
0 
=44.27 
0 
=50.14 
On disturbed 
days 
C.R. Modulation 11.98* 11.46* 17.07* 17.91* 
AR 93- 14£ 
Slope tan = 1. IB tan = 1.07 tan = 1.37 tan = 1.5 
1 0 
=49.72 
0 
=46.94 
0 
=53.87 
0 
=56.30 
On Forbush C.R. modulation n.m 11.23* 1 16.27* 18.60* 
decrease days slope tan =1.2 tan =1.6 tan = 1.47 tan = 1.20 
1 0 
=50.19 
0 
=57.99 
0 
=55.77 
0 
=50.19 
Without 
1 Forbush 
decrease 
days 
C. R. modulation 
Slope 
11.32* 
tan = 1.4 
1 0 
=54.46 
11. IB* 
tan = 1.2 
0 
=50.19 
13.21* 
tan = .975 
0 
=44.46 
13.82* 1 
tan = 1.4 
0 
=54.46 
A R = CWNEE IN SUN SPOT NUNBER 
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l._e QQRRELQIION BETWEEN IHE COSMIC RQY INIENSHY VQRIBIIQNS QND 
SUNSPQI ftCIWIIY: 
Sclav' activity indices (sunspots, coronal green line, solar 
flux, solar flares etc), interplanetary parameters (solar wind 
speed and IMF) and geomagnetic disturbance parameters (Op and Kp 
etc) are considered to represent,directly or indirectly, the 
conditions prevailing in the interplanetary medium. Os discussed 
in the introduction of this chapter and it is clear from the Fig 
(4.4)that the cosmic ray intensity is modulated by the changes in 
the sunspot activity as represented by its 11-year solar cycle 
variations and by the change in solar-polar magnetic field 
configuration as represented by its ££-year solar cycle. Fig ''i.D 
shows the yearly average values of cosmic ray intensity for high 
latitude stations along with the average values of sunspot number 
(Rs). These two ars found to be anticorrelated, as clearly seen 
in the figure for all the solar cycles 19,£0 and £1. 
Many peculiar features have been noted from our plots. It 
is quite apparent that the changes in the magnitude of Re lf.s3ri'r. 
cosmic ray intensity variations. Furthermore, the broad maxima 
(or flat maxima) of cosmic ray intensity from 197£ to 1977 i •: 
conspicuous, because during this period the sunspot minima is not; 
that broade, but, in general, the overall pattern suggests the 
control of solar cycle on cosmic ray intensity with perturbations 
of smaller durations. 
This relationship has also been studied-on quiet, disturbed 
and Furbush decrease days and it is found that the general nature 
remains similar as discussed above on all types of days (Fig 4.6). 
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Fia . 4 .6 . The yearly mean of cosmic ray in tens i ty 
for Deep-River neutron monitor on quie t ,d is tur l ic-
and Forbush decrease days along with yearly me'in 
of sunspot numter (Rz.) 
141 
The cov^relation between Rz and neutron monitor intensities 
are used to dterrnine the time lag between them and thus to obtain 
a rough estimate of the boundary of solar modulation of cosmic ray 
intensity 'D' (the boundary of heliosphere or extent of 
hel iosphere) . Though the correlation is poor betvjeen 
intensity and R2 but it idicates that average time lag is of the 
order of (l-£ years). Thus our results as well as other published 
v^esults (Mc Kibben, 1981) indicate that the solar rnodulat iovi 
boundary is certainly beyond 50 fiU and probably extends up to "^ 100 
ftU. 
l._3 LONG lERM VORLQUQN OF CQSMI.C RfiY INIENSIIY OND BEOMftGNEIlC 
INDICES:-
The long term variations of the geomagnetic field 
disturbances are available through the measurement of ftp and Kp 
indices Op indices has been used quite often for long-term 
correlation analysis with cosmic ray intensity variations. 
Geomagnetic disturbances are caused by the solar out put and its 
variations, which travels through the interplanetary medium. It 
is therefore natural and meaningful to see the cov^relat ions of 
these indices (ftp and Kp) with suspot number, solar flux and 
cosmic ray intensity on long term average basis. However, the 
relationship of ftp is not very straight forward, with Rz, solar 
flux and cosmic ray intensity as it is clear from the figures 
(4.7) . 
i._^  LONG lERM VORIQUQN OF C.JR^ INIENSI.IY OND FORBUSH DECREflSESiz 
In Fig (4.8), we have plotted the number of Forbush 
decreases duv^ ing years (1963-1987) for which the neutron nionitov^  
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1963-87 along with the cosmic ray•intensity, 
sunspot numloer (Rz.)^nd solar flux. 
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intensity of Deep-River is plotted. The number of Forbush 
decreases are indicated by the vertical scale only those decreases 
are included which show the asymmetrical pattern (Lockwood, 1971). 
The relationship between the transient decreases and the.long-term 
modulation over about £4 years is apparent (Lockwood and Webber 
1984). The number of Forbush decreases in each year is noted by 
the visual inspection of the ground based neutron monitor date^  of 
Deep-Ri ver. 
I 
There is a large difference in the magnitude of the decrease 
phase in 1965-69 and 1977-19a£, although the slopes of the cuv^ves 
are similar. Furthermore, the cosmic ray intensity at the minimum 
of Sep 1982 is much lower than in 1969. The results of the two 
cycles are summarized in (Table-2). 
FigVLrA 4.8, indicates that there is a relationship betweevi 
frequency of Forbush decreases and the 11-year variation of cosmic 
ray intensity. It is also seen that the onset of the soLav^  
modulation cycle 1966 and 1978 started with a series of larnr 
Forbush decreases (Fig 4.8) (Lockwood, 1960, Lockwood and Webhf?v 
1984). This suggests that the superposition of large For^bush 
decreases might produce the long-term variation of cosmic ray 
intensity (or 11-year variation) (Lockwood and Webber 1984, lucci 
et.al. 1975). To verify this suggestion/model, we plotted the 
yearly average of neutron monitor data of Deep-River on Forbush 
decrease days and also without Forbush decrease days. The removal 
of Forbush decreases was done by visual inspection of the day to 
day of data of neutron monitor Fig(4.9). The idea is that, if the 
long term variation/modulation of cosmic ray intensity is a 
1 4 o 
tfl 
>< o 
x> 
in U) 
• D >-. L L o 
T3 
3 
O XJ 
li. 
.mm. c ? o 
cc ce 
o o 
• o 
CO 
I 
00 
a\ 
Q 
O 
LU 
Q. 
O 
o 
o 
01 
-^ v 
J.! 
0 i 
I D H! r' 00 r 
a i H 
-r-l 
r-l 
10 
m 1 l - l 
03 r> 
cr> /" C! 
H I 
C 
u 
O 0' 
•"',.1 00 
•- ' 
en 
r; 
t ^ • r l C*.! 
r-
a\ ^ -1 c 
0 
\f\ c; r- i 
QL •. 1 
'V 13 vl- < 1 -i 
t ^ UJ Cl CM tU en ( \f •r< 
>- 0> 
V 
c 
r» r !^ : r I 
en (0 'X' • i . l 
*- 1' V . • ' , ; 
1-1 Q) , < : : 
r-^ (* (;! 
p' 
4' f~t 
00 (^ ' \A u VD ' • ^ 
1 ' • " 
n 
en \ f r-
' Cu 
• 
- 1 ' 
i n c r J ^ 
WD « <^. 
en , 
o - o 
00 O 
o 
en 
O 
00 
3iVH A1HV3A ogziivwaoN yo 
14b 
cumulative effect of several Forbush decreases, then after the 
removal of the Forbush decreases from the rieutron moriitov^ ' data, 
the long- term/11-year, variation should not be observable 
significantly, contrary to this we found that on Forbush decrease 
days as well as without Forbush decrease days for the period 1963-
1987, the pattern of the long term modulation of cosmic ray 
neutron- monitor intensity in each solar cycle remains the same on 
both types of days (Fig A-.9). These results thus suggests that 
the cumulative effect of Forbush decreases is not the only a^^uBP 
for producing the long term modulation of C. R, intensity -i:-
suggested earlier in several papers, but in addition to this SOUK? 
other phenomena/mechanism is operating in the inner/outer 
heliosphere may be responsible for solar modulation of C„R. 
intensity. 
l._5 HYSIERESIS CUgVES ftND SS-YEOR VORLQUQN IN COSMIC RflY 
LNIENSIIY : 
It is clearly reported in the literature that the ll--year 
modulation of the cosmic ray intensity shows the hysteresis effect 
against solar activity. If the effect of polav^ity reversal is 
superposed on the 11-year modulation, then the hysteresis curves 
spilits into two loops shown in Fig (4.10) (Nagashima & Morishita 
1979) the upper loop corresponds to parallel state of the solar 
polarity to the galactic magnetic field and the lower loop 
corv^Gsponds to the antiparallel state of the solar polav^ity to the 
galactic magnetic field. Os the reversal of the solar polar 
magnetic field occurs around every solar sunspot maxima, the 
transition from the upper loop to lower loop and vice-versa can be 
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expected to occur alternately after every 11-year as shown in Fig 
(4.10) by dotted and dashed lines. If we divide the hystcfresiB 
curve into two at the solar minima, so that each curve belongs to 
each solar cycle, then the divided curves discribes respectively 
the wider and narrow loops (Fig 4.10) (Nagashima & Morishita, 
1979). 
Nagashima and Morishita (1979) showed that for odd solav" 
cycles these curves (or loops) are wider and for even solar 
cycles, the curves are narrower. 
f-ig. (4.11) shows the observed hysteresis curves for- the 
solar cycle 19, £0 and 21. These are obtained by plotting ye,\rly 
mean of cosmic ray intensity at Deep-River versus sunspot riurnbpr 
(n?). Fig (4.11) clearly shows that the pattern of tt\c<-.t' 
hysteresis curves (or loops) is repeated after every ££ years a^, 
discussed. The pattern of the hysteresis loops for the cycle 17, 
18 reported by Nagashima and Morishita (1979) is shown in Fig. 
(4.11) during cycles 17, 18, 19, SO and £1 clearly indicate 
quantitatively that cosmic ray intensity variation also have a ££ 
years modulation cycle related to golar magnetic cycle in addition 
to the well known 11 years modulation cycle ralated to the sunspot 
act ivity-
l-_6 CONCLUSLQNi-
From the study of long term variation of cosmic ray 
intensity and its rait ion to the parameters related to solar and 
geomagnetic disturbance, the following conclusions are derived:-
149 
ha) 
(D 
E 
o 
JC 
c 
o 
CYCLE No 17 
(1935-/;4) 
36 
0 100 
SUN SPOT 
CYCLE No 18 
8 
44 
(1944-54) 
( b ) 
6 
' 5r \ \ 5 5 - . _ • 
^ ^ ' 4 
r 1 1 
0 100 
SUN SPOT 
105 
!?> 9 5 
c 
r ( c ) 
c3 
B5-
0 
CYCLE No 19 
•54 
(1954-64) 
^ ^ ^ ^ - ^ ^ 6 
^ \ Ns? 
60 " ^ 
1 I 
0 
100 
.?(e) 
c 90 
c 
Q: 
c_3 80-
0 
100 200 
r _ SUN SPOT 
CYCLE No 21 
(1976-86) 
_L 
100 200 
SUN SPOT 
100-
90 
(d ) 
80 
CYCLE No 20 
65 (1965-75) 
0 100 200 
SUN SPOT 
Fig .4 .11 . ( a ) and (b ) (Nagashima and Morishi ta , i979) , 
h y s t e r e ^ loops for cycle 17 and 18. 
Vc;,Cd; and ( e ) observed bySteredsioops for 
cycle 19,20 and 21. 
150 
(1) The coBmic ray intensity variation shows the periodicity of 
11 yeav^ s as well as 22 years. 
(2) The shape of the time profile of the cosmic ray intensity 
variation during odd solar cycles is different than the even 
cycles. During odd cycles sharp peak maxima of C.R. 
intensity are observed, while the maxima of C.R. intensity 
BX'^B broad during the even cycles. 
(3) The C.R. intensity recovers very slowly during the odd 
cycles, while the recevery during the even cycle is fast. 
(4) The effect of the solar activity on cosmic ray intensity is a 
delayed effect. It takes a few months after which the effect 
of sunspots as well as of solar flares are recognisable in 
the long term variations of cosmic ray intensity. Our 
results show that the cosmic ray intensity, in general, 
lags behind the sunspots as well as other solar indices by 
about a year. 
(5) The total number of -forbush decreases are also different in 
different solar cycles (fig 4.8) 
(6) The magnitude of the modulation of cosmic ray intensity is 
large during odd cycles as compared to the even cycle £0 
(Table 1). 
(7) The patterns of the hysteresis loops are different in odd and 
even solar cycles. Hysteresis loop is norrow during the even 
cycle £0, while the loop is wider during the odd cycle £1, 
(8) Neutron monitor intensity is ~1.87"/. higher at 1987 and 1965 
maxima as compared to the 1972-1977 maxima. 
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(9) Systematic differences in the overall shape of successive 11-
year modulation cycles and similarities in the shape of the 
alternate 11-year modulation cycles arB observed that 
indicate S£ year periodicity in cosmic ray intensity 
variations which seems to be ralated to the £'£' year solav-^  
magnetic cycle. 
(10) Yearly average plot of Deep River and fllert neutron monitor 
clearly show that the 11 year modulation of cosmic rays is in 
anl-i correlat ion with the 11 year solar sunspot cycle?, but 
the origin of this 11 year modulation is not yet understood 
I 
very wel1. 
^iZ BiSCUSSiON:-
MOpyLBJiON MODELS: 
1- CONVENJiONBL MODEL JOR SJONPfiRD MODEU: 
This model for the solar modulation of cosmic ray intensity 
was first suggested by (Parker, 1965). The model suggests that 
the cosmic ray intensity is determined by a balance between iriward 
diffusion of cosmic rays through the irregularities in the 
i ritcM-pl anetary magnetic field (IMF), outward convection of ceiimtc 
v^ ays by the solar wind, adiabatic energy loss as a result of thf 
divev-gence of the solar wind velocity, and curvature and gradipnt 
drifts as a result of the large scale spiral structure and radial 
dependence of the IMF. This model is quite successful 
(approximately). 
But this standard model cariO^ot explain the significant 
features observed in recent past of the solar modulation during 
different 11-year cycles, for example the pattern of the 
hysteresis loop in even-odd solar cycles. 
related to the polarity of the solar field with respect to thp 
galactic magnetic field, when the two are parallel, galactic 
cotirnic rays enter more easily into the heliosphere along magnet i( 
lines of force as compared to the situation when the two field:-
are ant i paral lei. The polarity of the solar field reverses sigri 
about every 11-years near the time of maximum sunspot activity (or 
minimum cosmic ray intensity). Thus successive activity minima 
are characterized by a different solar field polarity (Table. Z?) , 
and their effect clearly visible in the cosmic ray modulat!• TI 
cycle. Production of the specific features of the modulatioii 
cycles during alternate (or even-odd cycles) solar activity cycler 
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Inward along 
current sheet 
down from pol-
ar regions and 
out ward along 
current sheet. 
Inward along 
current sheet 
COSMIC RftY INT EN 
SI TV AT SOLAR ACT 
IVITV MINIMUM. 
Flat m a X i m u m i n t f ^  
n s i t y from J 3 lii cl I 
54. 
peaked maximuri! 
intensity in J 9(V 
N=100 
flat maximum int 
ensity from 197S 
to 1977 
N=98.13 
sharply peaked 
maximum intensity 
in 1987,N=100.3 
car\ be explained with the help of the particle drift and current 
sheet model proposed by Jokipii and coworkers (Kota and Jokipii, 
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19B3, and references theire-in), Jokipii and Thomas (1981) and 
Nagashima and Morishita (1980). During the solar cycle (or half 
solar magnetic cycle) when the north polar field is inward, 
positive particl drift equatorward along the outer boundary of 
heliosphere before encountering and drifting inward along the 
current sheet. During this half solar cycle, the 
current sheet till play Bn important role in the arrival of cosmic 
rays in the inner heliosphere and shaping the modulation peak 
during solar activity minimum related to this situation. In other 
half of the solar cycle, when the north polar field is outward, 
positive particles drift indirectly to the inner solar system from 
the polar region and then drift outward along the current sheet. 
During this half cycle the current sheet till is not important in 
determining the cosmic ray intensity in the inner heliosphere. It 
is already noted that this driff-current sheet model correctly 
explains the production of the sharply peaked maxima in 1965 and 
1987 and the flat maxima seen between 1972-77 period (Smith and 
Thomas, 1986, Jokipii and Thomas 1987). 
fit present, it is possible to understand the shape of the 
modulation cycle interms of this model. The slow recoveries that 
occured from 1959 to 1965 (cycle 19) and again from 1981 to 1987 
(cycle 21), both happened just after the change of magnetic field 
polarity from +Ve to - Ve (Table3) in 1958 and 1980. fit this time 
the flow of the particles into the inner heliosphere is expected 
to be controlled by the current sheet till because galactic 
protons move down along the outer boundary of the heliosphere to 
the current sheet and then inward along the neutral sheet to 
earth. 
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This is also eKpected to be the case during the decreasing 
phase from 1965 - 1968 and again after 1987. In 1965 - 68, the 
decrease is relatively smoother as compared to 1977-1981, where 
the decrease occured as several large For bush decreasees or steps, 
as discussed earlier. 
The above discussion described quantitatively how the drift-
(:urr(:?nt sheet model and the ££-year solar magnetic cycle can 
explain some of the most significant features of the c:£-year 
cosmic ray intensity variations as seen by the neutron monitors. 
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